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ABSTRACT
The properties of refuse compost from the Chai Wan
composting plant were analyzed. It was found that the 12-
month old compost. was slightly alkaline (pH= 8) and contained
a high percentage of clay (63%). It contained a high content
of organic C (28%), Ca (2.3%) and Na (0.8%). However, it had
a high C/N ratio (17) and the amount of plant nutrients
(N-P-K= 1.7- 0.6- 0.4) was lower than that of chemical
fertilizers. Besides, refuse compost also possessed high
levels of total Cd (1.4 u9/g), Cu (511 )g/g), Fe (5748 pg/g),
Mn (7 02 pg/g), Pb (28( pg/g) and Zn (1416 iig/g). However, the
total content did not correlate closely with the extractable
contents (Cd, 1.43 pg/g Cu, 53.67 pg/g Fe, 47 }zg/g Mn,
195 ug/g Pb, 13 ug/g and Zn, 222 ug/g). The low nutrient
content and high metal level of refuse compost indicated that
it might exert adverse effects, on plant growth.
The inhibitory effect of compost extracts on seed
germination and root elongation of Brassica chinensis,
Daucus carota and Lycopersicon esculentum suggested that
refuse compost contained phytotoxic substances to plant
growth. The reduction in gro1Y`th -was more severe in extracts
from a sample of fresh compost arid the degree of phytotoxicity
significantly correlated with the contents of ethylene oxide
and heavy metals (p 0.0005). The susceptibility of the 3
.crops to compost extracts was in the order of D. carota
B. chinensis L. esculentum in terms of root growth.
The change in phytotoxicity of a refuse compost sample
during the process of maturation was investigated. Freshly
composted refuse was generally high in organic C but low in
total N (hence with a high C/N ratio). Extracts from fresh
compost also contained high levels of NH 3, ethylene oxide and
heavy metals. Phyt.otoxicity of fresh compost in terms of
growth retardation of B. chinensis decreased with time. A
parallel decli'ne in the C/N ratio of the compost and the
contents of NH3,ethylene oxide and heavy metals was observed.
A minimum storage period of 4 to 6 weeks of the fresh compost
was therefore recommended.
The effect of refuse compost on the yield of bermudagrass
Cynodon dactylon was examined. It was noted that adding
compost to a sandy soil improved the properties with regards
to contents of organic C, total N and extractable P, K and Na.
The levels of heavy metal were also elevated with compost
application. It was found that yield of bermudagrass was
the highest in the highest rate of application (75 tonnes/ha)
which might be due to the combined effect of increased
germination and growth promotion by refuse compost. Higher
yield was obtained in the 2nd harvest at higher rates of
PC treatments (HC 75).
With the exception of Pb (aerial and root portions),
Mn (root portion only) and Cd (root portion only), metal
contents of bermudagrass were increased by compost applications.
In general, the root portion contained higher levels of metals
(Cd, Cu and Zn) than the aerial part. It was also found that
content of Cd, Mn and Zn were higher in the aerial part of
the 2nd harvest than the 1st one.
The utilization of refuse compost on vegetable crop
production (B. chinensis, D. carota and L. esculentum) was
compared with that of activated sludge. Fertilizer (Nitrophoska
Permanent: N-P-K= 15-9-15) was also used for comparison. Crop
yield in the waste-amended soils followed the ascending order
of loamy sand refuse compost activated sludge fertilizer.
Higher yields were obtained in the treatments with 50 tonnes/ha
for activated sludge and 125 tonnes/ha for refuse compost with
the exception of carrot in refuse compost RC50 which was
probably due to its sandy soil requirement. The poorer growth
of crops harvested from refuse compost-treated soils correlated
with the low macronutrient content of refuse compost. However,
low heavy metal content was observed in plant grown on compost-
treated soils which might be due to the high pH, organic matter
content and total cation exchange capacity of refuse compost. A
higher amount of heavy metal was accumulated in the root part
than the shoot portion of Chinese white cabbage, aerial part than
the edible root portion of carrot, as well as leaf, stem and roof
than the fruit of tomato. When edible portion is concerned, B.
chinensis is the greatest heavy metal accumulator while L.
esculentum accumulated to a lesser extent. The environmental
impact of heavy metal may be minimized by selecting the proper
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1.1 MUNICIPAL REFUSE AS A RESOURCE
Solid waste is mainly disposed of by the usual methods
such as dumping or incineration. The elimination of waste
demands investment in technologies which are often expensive
and energy-consuming. On the other hand, enormous reserves
of municipal refuse remain almost untapped. Besides the
substantial losses of both material and energy, present
disposal practices also frequently contribute to air and
water pollution. In terms of resource conservation and
environmental protection, refuse should be regarded as a
potential material or fuel source.
Many alternatives for waste disposal, either currently
available or under study, focus on the recovery of material
or energy. Resource recovery can forestall shortage of
natural resources and, at the same time, greatly reduce the
solid waste disposal problem. Waste disposal has been
advocated as an integrated waste processing, material
recycling and energy utilization procedure. Reclamation
from urban waste, which consists of organic and inorganic
materials, of biodegradables arid noncompostables, is
basically a two-stage process: 'front end' separation which
is usually used for material (glass, metals and paper)
recovery with the conventional disposal of the residue
2and 'back end' separation which refers to recovery of the
organic portion, usually as an energy source (Abert et al.,
1974). The possible types of material and energy recovery
from urban waste are summarized in Table 1.1 (Barton, 1979).
The mass of municipal waste contains large quantities
of reuseable materials: ferrous and non-ferrous metals,
paper, glass, rubber and textile. Paper wastes and the
metal, plastic and glass components used in packaging
industry constitute a prime target of material recycling.
From the standpoint of energy expenditure, using secondary
materials in manufacturing requires less energy than if
virgin materials are employed.
1.2 METHODS AND TECHNIQUES AVAILABLE FOR RESOURCE RECOVERY
The retrieval of materials from postconsumer waste may
be categorized into two general groupings: those materials
which can be directly recycled and those which require
processing before they can be reused (Pavoni et al.,1975).
Separation may take place at source or after the mixed
refuse is collected. The post-collection recycling of
selected solid waste, either direct or indirect, necessitates
the segregation methods and sorting of the desired materials.
.
The possible separation methods are listed in Table 1.2, in
which the physical and chemical properties of materials are
exploited. Physical methods, manual or mechanical, are
preferable to chemical ones which require large input of
chemicals, technology and energy. In many cases, however,
3Table 1.1 Possible types of material and energy recovery from urban waste
(Barton, 1979)
Energy RecoveryMaterial RecoveryProcess
LandfillControlled tipping Landfill gas
(optional pulverization
and compression)
Heat, electricityFlyash, glass, metalsIncineration
Compost dried as fuelCompost, glass, metalsComposting
Organic fuelShredding Separation Metals, glass, paper
Pyrolysis Fuel oil and gasMetals, glass
EthanolHydrolysis Sugars, protein
Fuel oilLiquefaction Metals, glass
Metals, slagGasification Fuel gas
4Table 1.2 A summary of the available techniques for resource




















3. Separation by surface and membrane processes
Dialysis
Reverse osmosis

























5chemical processes are necessary. In general, physical
methods are employed for material salvage while chemical
processes are used in energy conversion from municipal
wastes. The operations of mechanical. processing, either
at the emerging stage or already well established, are
documented (Alter, 1980a; Bridgwater, 1980). Sakiyama
and Nakahara (1978) reported that wet selective pulverization
has been developed in Japan for separating garbage and glass,
paper, plastics, and metals in single process before
incineration, fermentation or composting. Rotatory screen
is found to be effective in the mechanical sorting of crude
refuse to remove material unsuitable for hammermill
pulverization (Warren, 1978). Ferrous metals can simply be
extracted by a magnetic separator. The recovery of waste
cullet can be accomplished-by an electro-optical sorter
(Stirling, 1977). An eddy-current separator is valuable
for separation of aluminium and other non-ferrous metals
from mixed waste (Bourcier and Dale, 1978 Schloemann, 1.982).
Other physical techniques such as hydrocyclones, air classifier,
ballistic separator, rotatory brush separator, inclined conveyor
or separator and vibrating table are also frequently employed
for material separation.
The reuse of refuse-recycled materials in industrial
processes has been reported. The magnetic fraction from urban
refuse has been used as a melting stock for steelmaking
(Cramer et al.,1979; Kaplan and Makar, 1978). Recovered
6products has also been applied as industrial input materials:
paper fraction in paper and card-board manufacturing, plastic
fraction in plastic processing industry and fine fraction as
additive in brick-making (Colon and Boesmans, 1980).
A great deal of research has recently been focused on
energy reclamation from urban waste, which has a heat content
between one-third and one-half that of coal. The incentive
to use refuse as a supplementary fuel was the result of the
introduction of stringent controls on the sitings of controlled
tips and the operation of refuse incinerators, together with
future energy shortages.
Energy recovery from municipal refuse usually falls into
one of the followings:
1. Combustion of solid wastes as received in the incinerator
with heat recovery, steam and electricity generation.
2Production of refuse derived fuel(RDF) which consists of
the combustible fractions of the waste after the non-
combustibles have been removed.
3. Pyrolysis which is the thermal decomposition of the organic
material of refuse in the absence of air producing a mix
of hydrocarbon solid, liquid and gaseous fuel products
depending on the operating conditions.
ii. Hydrolysis for processing wastes with a high cellulose
content to produce glucose which can be converted to
alcohol or protein by fermentation.
5. Liquefaction which is the production of a fuel oil when
7organic urban wastes react with carbon monoxide and water
at temperatures above 3700C.
6. Hydrogasification or anaerobic digestion which is the
production of a substitute natural gas rich in methane
when the refuse organics reacted with hydrogen at elevated
temperatures.
Biological reclamation of solid waste entails the bio-
disintegration of the organic content by microbial action,
either aerobically or anaerobically. In composting, the
putrescibles are acted on by a mixed flora of microbes under
aerobic condition to produce a humus-like materials that may
be used as an organic fertilizer or soil conditioner. In
anaerobic digestion, cellulosic material is solubilized to
organic acids by acid formers which are then used as substrate
by the methanogenic bacteria for fuel gas (70% methane and
30% carbon dioxide) production. Multi-stage digestion, which
separates the two steps to avoid the inhibition of the second
stage bacteria by over-production of acids and maximize
product formation, has been found experimentally practical
(Wise et al., 1978).
Cellulose can also be hydrolyzed enzymatically into
glucose which is then fermented to give product of one of the
two categories: product of metabolism including organic
solvents, acids and sophisticated fine chemicals such as
antibiotics and vitamins, as well as biomass such as single
cell protein and fats or oils (Carroad and Wilke, 1978 Veal and
8Whalley, 1981). Alcohol and protein are the two common
bioconversion products.
It is claimed that the superiority of bio-recycling lies
in the lesser energy requirement than chemical or physical
processes. This, coupled with lower capital investment, less
pollution impacts, and more completed conservation render
biological approaches applicable only to the organic fraction
of solid waste and residues must be disposed of at the end of
the treatment operation.
To select a new or additional waste treatment system, it
seems useful to characterize this system in terms of volume
reduction, energy production or savings, and treatment costs
as the parameters of primary interest (Kreiter, 1979).
Unit costs for disposal are commonly of utmost importance
in evaluating disposal methods. Analysis (case study of 30
options) by Wilson (1979) suggested that, landfill at a local
site or the use of pulverized waste directly as a fuel are
the cheapest, followed by indirect landfill, the production of
a solid refuse-derived fuel and composting. Currently,
incineration and pyrolysis appeared to be uncompetitive in
economic terms, although future development in energy recovery
might overturn this conclusion.
The utilization of solid waste as a fuel may provide a
community significant, though small, amount of energy. Of
the thermal processing options, those requiring the least
capital investment and giving the best overall net energy
9conversion efficiencies have the best potential. Recently,
landfill gas with high methane content has been efficiently
collected and utilized as an energy source (James, 1981 Wilkey,
1980). This advancement may enable controlled tipping to be
the best method of refuse disposal, especially in places
where landfill space is not scarce.
In capital intensive waste disposal operations, the
primary goal is to reduce considerably the volume of the
waste. This is particularly applicable to heavily populated
area with limited tipping area. Incineration, though high in
operation cost, has the advantage in reducing the volume of
organic matter by 90-95% and weight by 60-75%, depending on
the composition of the waste. Incineration with heat and/or
power recovery is becoming more widely acceptable, though
the cause of air pollution is of important concern.
Considerable research has been devoted to the production
of upgraded fuel from municipal 'refuse, which is highly
cellulosic. The energy conversion efficiency of such
processes as pyrolysis, chemical hydrolysis, liquefaction
and gasification is high. However, their ranking as high-cost
alternatives of waste treatement allows their operation on a
pilot-scale only.
No attempts have been made to generalize the best refuse
disposal option for a municipality. Each option has its
merits and disadvantages. Different communities will have
greatly `carving situations in terms of quantities and
10
composition of solid wastes, suitability of landfill sites,
ability of equipments to operate to specification as well as
availability of markets for recovered material and energy.
More often, the planning and implementation of resource
recovery from municipal refuse are uncertain with technical
and economic risks (Alter, 1980b).
1.3 SOLID WASTE MANAGEMENT IN HONG KONG
Hong Kong, with a total estimated population of 5,287,800
at the end of 1982 and an area of 1,064 square kilometer, is
one of the most densely populated places in the world (Hong
Kong Government, 1983). The overall density is 4,923 per
square kilometer with variations between individual districts.
The density for the metropolitan areas of Hong Kong Island,
Kowloon, New Kowloon and Tsuen Wan was 28,479, but of the
New Territories, it was 792 per square kilometer. However,
this will change with the development of new towns in the
New Territories, notably at Shatin and Tuen Mun, which will
alleviate the high density in the urban areas.
Compared with the population of 4,165,500 in 1972, there
has been an increase of 27 per cent over the last ten years
(Hong Kong Government, 1983). This ever-mounting increase
in population size together with increasing affluence, an
expanding economy, and changing packaging techniques, will
inevitably lead to a parallel increase in per capita waste
generation and add considerable pressure to the problem of
waste disposal (Table 1.3).
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Table 1.3 Amount of waste collected and the per capita refuse production in Hong Kong
in the past five years (compiled by the author)
Year 1978 1979 1980 1981 1982
Total population 4,720,200 5,017,000 5,147,900 5,207,000 5,287,800
Total waste collected 1,704,200 1,833,800 1,964,400 2,337,000 2,340,000
(tonnes)
Waste generation per capita 0.3610 0.3655 0.3816 0.41,88 0.4425
(tonnes/year)
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Previous figures for refuse generation showed an average
annual increase of 127,500 tonnes (a total of 37%) for the
past five years (Table 1.3). About. 6,500 tonnes of domestic
and industrial wastes were collected and disposed of daily
last year. This amount is expected to exceed 10,000 tonnes
per day by the end of this decade (Reed, 1982).
Solid wastes or refuse are useless, unwanted or discarded
materials that arise from man°s activities and are not free-
flowing (WHO Expert Committee, 1971). A distinction between
various classes of solid waste is useful. and indeed essential
from the point of view of refuse management. The component
materials of refuse can be categorized in several different
was based on their point of origin, nature of material or
composition (Table 1.4a). The terms solid waste and refuse
are used interchangeably in this thesis and refer to urban
wastes, including household refuse and industrial waste,
collected and disposed of by the local authority through
landfilling, incineration and composting (Table 1.4b).
Toxic wastes, fly-ash, sewage sludge and animal wastes are
excluded.
Before discussing the disposal and treatment methods,
information on the proportions of various materials in a
solid waste mix is necessary for the planning of disposal
means and design of treatment plant. This information is
also required for the assessment of available quantities of
recoverable items in the waste for a secondary material
13
Table 1.4a Classification of solid wastes based on various criteria
(compiled from Institute for Solid Wastes of American
Public Works Association, 1970 Porteous, 1977 and
Skitt, 1979)




2. Nature of material i. organic/inorganic
ii. combustible/noncombustible
iii. putrescible/nonputrescible
3. Comiosition i. class
ii. plastics
iii. metals
iv. dust, ash and cinder
v. paper and cardboard
vi. vegetable and foodstuffs
Table 1.4b Waste classification adopted by the Environmental
Protection Agency of Hong Kong (personal communication)
A. Publicly-collected- a. Household
b. Mixed industrial














The nature of urban waste varies with country and time as
living patterns alter. Furthermore, the characteristics of
refuse are constantly changing because of higher living standard
and increased production in one way or another. Hong Kong
municipal refuse is characterized by a large proportion of food
organics and packaging materials such as paper and plastics
(Environmental Protection Agency, Hong Kong, 1.983).
Waste management is an important facet of environmental
sanitation and its integration with total environmental
planning is necessary for the development of a society.
During the past few years, the Government of I-long Kong has
increased substantially the resource allocated to work on
environmental protection and pollution control. The
enactment of the Waste Disposal Ordinance in February 1980
provided, inter alia, for the preparation of a statutory
Waste Disposal Plan, the notification of certain classes of
toxic and difficult wastes and measures to control the storage
of agricultural wastes. A Waste Management Policy Committee
was subsequently set up to advise the Government on policy
relating to the disposal and recycling of all wastes
prescribed under the ordinance.
In Hong Kong, domestic wastes are collected daily at
refuse collection points by the Urban Services Department
while the collection of a major part of industrial wastes
is handled by the private sector. Almost all wastes arising
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in Hong Kong are disposed of at Government disposal facilities
operated by the Public Works Department which consist of three
refuse incinerators, a composting plant, an experimental high-
density baling plant and a number of controlled tips.
1.4 REFUSE DISPOSAL IN HONG KONG
Nearly all methods of solid waste disposal. currently
applied ultimately involve landfilling (Fig. 1.]). Treatment
prior to landfilling such as incineration, baling or composting
serves only to decrease the amount or volume of the initial
material, thus bringing about a reduction in the demand for
tipping space.
The existing waste disposal facilities are shown in
Fig. 1.2. Controlled tipping and incineration are the two
major disposal methods employed for most of the solid wastes
produced in Hong Kong (Table 1.5). At present, there are
four controlled tips (which deal-with about 4,000 tonnes/day)
on the Mainland at Junk Bay, Ma Yau Tong, Siu Lang Shui arid
Shuen Wan and these take up about 65% of the total amount of
refuse collected. New landfill sites at Jordan Valley, Pillar
Point Valley and Tai Tong and the extension of some existing
tips are proposed to replace those that have been exhausted
(Environmental Protection Agency, Hong Kong, 1982). For the next
ten years, disposal of solid waste relies on further controlled
tips to balance the projected increase in refuse arising.
Three large municipal incinerators with a maximum total
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i 11»]. fx i t ing disposal facilities in Hong Kong( En v i ron m en 1 a 1
Protect ion Agency. Hong Kong, 1983)
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Table 1.5 The amount of municipal refuse (tonnes/dav) (Ii sposed
of in the past five years (personal communication)
Controlled
Year Incineration Composting TotalTipping
1978 3, 151 1, 518 4,669
19 79 3.087 1, 892 45 5,024
1980 2,993 2,203 186 5, 382
1981 3,603 2,175 26 2 6,404
1982 3,636 2,457 322 6,415
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at Kennedy Town, Lai Chi Kok and Kwai Chung. In 1982, 38% of
the total refuse generated are disposed of by incineration.
The remaining 5% are handled by composting.
Hong Kong is in its infancy in waste recycling, mainly
in material recovery. A substantial quantity of the recyclable
wastes are handpicked by the scavengers which are then processed
for export before their entering the solid waste stream to
collection point or disposal plant. In fact Hong Kong has a
very active material recovery and export industry. The
principal waste export categories are ferrous and non-ferrous
metals, paper and cardboard, and synthetic fibres and yarns.
In 1981, 390,577 tonnes of waste paper and 333,150 tonnes of
steel scrap were exported, which totally valued IIK $360 million
(Environmental Protection Agency, Hong Kong, 1982). Countries
exported to include Japan, Taiwan, China and Thailand. Besides,
part of the ash produced by two new power stations at Lamma
Island and Tap Shek Kok will be used as an additive in concrete
industry.
The potential for energy recovery at existing plants is
limited. At present, the three incinerators in Hong Kong are
equipped with waste heat boilers which are primarily for gas
cooling. Steam generated is fed to the turbo-alternator for
the generation of electrical power for the plant. No other
plants of any type, whether tentative or not, exists in Hong
Kong for recovering energy from refuse materials.
Incinerators with energy recovering system and pollution
20
control device can be the refuse disposal option for the
territory (Collier, 1980). The cogeneration of electricity,
steam, hot water and chilled water by boiler plant to give a
variety forms of energy has been suggested for the industrial
estate type development in I-long Kong. However, the economics
of this sort of scheme is complex and cannot be properly
assessed without actual experience of operational conditions
and product market.
The composting plant at Chai Wan which is intended as a
second and additional refuse disposal facility for Hong Kong
Island is the first large scale composting plant in the
Territory. It is established as part of the ten-year-
programme for solid waste disposal in Hong Kong (Grieve and
Brunt, 1976). Composting as a means of waste disposal was
chosen because this form of treatment offers a volume
reduction of up to It to 1 with consequent savings in
transportation arid landfill space. By retention in enclosed
digestors, the putrescible fraction of the waste is converted
into a hygenically safe, inoffensive cover material for
landfilling and reclamation.
Tncinerrt i on used to be the preferred rrrethod of re (ruse
disposal in I-long Kong in the ear-1v 1970s- However, firic]inc]
an acceptable site for 'another incinerator is difficult. T ii
addition, incineration plants are likely to be a source of
atmospheric pollution if not carri ed out iii efficient bumper s.
Because of the shortage of land in Hong Kong, control. led
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tipping which is the least costly method could be a solution
for both land use and waste disposal. Nevertheless, in the
long run the continued practice of rubbish tipping will lead
to an exhaustion of suitable landfill sites. Pulverization
or high-density baling before dumping, on the other hand,
also entails additional expensive plant. Moreover, all these
methods have only disposal as the primary goal. Pyrolysis
and biogasification of refuse material may be the alternative
for energy recovery but the methods are less economical and
its application in Hong Kong needs to be investigated.
Composting, which is the biodegradation of the organic
content of solid waste material, primarily garbage, under
controlled conditions, outstands itself when compared with
other methods of refuse disposal in term of environmental
protection and resource recovery.
Regarding chemical properties, the high moisture
content and low calorific value of the municipal refuse of
Hong Kong suggest that refuse incineration may not be the
best disposal strategy as steam plume (visibility hazard)
from refuse burning restricts the siting of incinerators and
energy recovery may not be possible, not mentioning the
emission of air pollutants (Grieve and Brunt, 1976 Wallace,
1974). Controlling devices such as predrying chamber, gas
cooling system or electrostatic precipitator can be adopted
but all these increase the running cost of an incineration
plant.. On the other hand, the high organic and moisture
22
content of Hong Kong refuse render refuse composting feasible.
1.5 MUNICIPAL WASTE COMPOSTING
Composting is a microbiological recycling process carried
out under controlled conditions of ventilation, temperature
and moisture by organisms in the wastes themselves. There
are two general methods of composting, namely open (manual)
and enclosed (mechanical) systems. In open composting, wastes
are stacked or piled in heaps (windrow composting) which are
ventilated by regular turning or internal aeration system, or
the wastes are deposited in trenches which are left undisturbed
(Bangalore system). The mechanical method entails fermentation
in a closed container for several days under controlled
conditions. It is claimed that the latter process is shorter
in operation time, requires less space and is relatively free
of odor and insect nuisances. However, Golueke( 1977)
criticized that total composting was about the same with
both approaches since an extended maturation period was
prescribed for composting to be completed in mechanical
composting and the capital outlay and operating costs of
mechanical process far surpassed that for a windrow system.
Mechanical composting is widely adopted in European
countries. In Asia, besides Hong Kong, it is employed in
Thailand and Japan while the open system is practised in
India, Sri Lanka and the Philippines (Polpr-asert and Muttamara,
1978). In the United States, both methods are used (Goldstein,
1980).
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Basically, composting involves four operational steps:
preparation, digestion, final processing and storage or
disposal (Fig. 1.3). Refuse is conveyed to salvaging room
for screening and sorting to remove noncompostables and
extract recyclable material. The wastes are then passes
through size-reducing process by means of particle size to
facilitate decomposition. After the moisture content has
been adjusted, composting can be carried out in windrows or
in digestion tanks.
1.6 THE CHAI WAN REFUSE COMPOSTING PLANT
The general layout and the operational processes of the
plant in Chai Wan are shown in Fig. 1.4 and Fig. 1.5
respectively (D'Souza, 1979). Refuse from incoming refuse
collection vehicles is discharged into reception bunkers
which is lifted by crane and delivered by conveyor to
crushing plant, where the wastes are ground by two hammermi1is
(Fig. 1.6). The pulverized refuse is then conveyed to a
rotary drum type digestor where selective mixing, fermentation
and screening take place (Fig. 1.7). The materials are then
conveyed -to four vertical digestors to complete the digestion
over an additional minimum 72-lour retention period (Fig. 1.8).
No presorting or screening is included in the refuse
handling process before hammer milling. Ferrous metal in the
refuse is extracted by a magnetic separator and haled into
cubical scrap (Fig. 1.9). The bulk of inorganic material is
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Fig. 1.5 Treatment process in the composting plant in
Chai Wan (D'Souzas 1979)
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Fig. 1.6 The primary and secondary hammerrnill installed
in the Chai Wan refuse composting plant
Fig. 1.7 Pulverized refuse is retained in the primary
digestor for about eight hours
Fig. 1.8 Digestion is completed in 4 vertical secondary digestors
28
Fig. 1.9 Ferrous metal extracted is baled into
cubical scrap for recycling
Fig. 1. 10 The pulverized rejects are barged and
disposed of in landfill site
29
pulverization (Fig. 1.10). Fresh compost still contains a
considerable amounts of glass, bone, plastics and other non-
compostable items and their inclusion reduces the quality of
refuse compost for agricultural uses to a certain extent.
The Chai Wan Composting Plant can be considered to be
the major recycling plant in Hong Kong. Ferrous metal
extracted is baled and resold as scrap. Garbage is converted
to compost which is a potentially useful material. However,
no economically beneficial use is actually made of the end-
product. Due to the lack of a saleable market, the local
authority views refuse composting plant as a transfer station
by which raw refuse is transformed into a landfill material,
with volume reduction for final disposal.
1.7 AIM OF THE THESIS
The recycling of sewage sludge has received wide and
popular attention. Sludge has been recycled for crop
production, waste-land revegetation, single cell protein
production and algal cultivation, as well as fish culture.
However, only a limited number of research has been conducted
on refuse compost reutilization. Refuse and refuse compost
should be viewed as a resource rather than just a material
to be discarded. Composting, which was once considered out
of the question as a solution for the pressing needs of waste
disposal, is now being advocated as an alternative that fits
the social and economical needs of many communities
(Colacicco, 1982). However, composting of refuse is not
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universally practised. Furthermore, a major fraction of the
composted refuse is dumped at controlled tips. Land application
for agricultural and horticultural purposes and reclamation of
marginal or disturbed areas by refuse compost should be
encouraged because of environmental and economical considerations.
Nevertheless, since refuse compost contains substances toxic to
plant and animal, the agronomic efficiency and the potential
environmental hazard of compost recycling should be assessed.
Yield response of crops from the addition of refuse
compost to soil is highly variable. Various results indicated
that yield and quality of agricultural crops and ornamental
plants were increased by refuse compost or refuse compost
fortified with sewage sludge had been reported (Duggan and
Wiles, 1976 Gogue and Sanderson, 1975 Hortenstine and
Rothwell, 1968 and 1973 Mays et ale,1973 Purves and
Mackenzie, 1973 Sanderson and Martin, 1974 Terman et al.,
1973). However, refuse compost might have no apparent effect
on crop productivity, depending on the physical conditions of
the soil to which compost was applied (Stephen and Lin, 1970).
Degree of maturity of the compost also appeared to have a
significant effect (Stephen and Lin, 1971). It may be
summarized that crop species, soil type and chemical
composition of compost are sources of variation for the
different results obtained. Information on the heavy metal
content of the municipal, compost, however, suggests that this
material is a likely source of metal contamination.
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Contamination of the soil with certain elements will lead to
increased uptakes via plant roots with the possibility of ill-
effects either on the plants or the animals consuming them.
Although the art and science of composting have never been
totally neglected, its efficiency in organic recycling has
not been fully appreciated until recent years. Increased
knowledge of composting process, together with advanced
technology, have resulted in improved composting techniques
being employed by an expanding number of municipalities.
Whether or not the compost produced can be utilized for
biomass production has to be determined only through
experimentation.
This thesis was aimed at examining the feasibility of the
agricultural utilization of refuse compost in edible crop and
grass production. The fertilizer properties and heavy metal
content were analyzed to evaluate the value of refuse compost
as an organic soil amendment (Chapt'er 2). The changes in
chemical properties, with special reference to phytotoxic
substances, during the period of maturation of the refuse
compost was observed (Chapter 4). The toxicity of refuse
compost at different stages of maturation was assayed by seed
germination and root elongation test. The effect of compost
extract on seed germination and root growth were also studied
(Chapter 3). Refuse composts of three different levels of
maturity were used with an attempt to correlate various
factors with the phytotoxic effect. The utilization of the
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waste for cultivation of grass and food crops were presented
in Chapters 5 and 6. Bermudagrass (Cy-nodori dactylon) was
used as it was the common species used in hydroseeding in
Hong Kong. Its growth performance on compost-soil mixtures
may indicate the feasibility of applying compost for
revegetation purpose. In Chapter 6, three different types
of edible crops (Brassica chinensis, Daucus carota and
Lycopersicon esculentum) were grown in a pot experiment to
study the yield and patterns of metal accumulation in the
tissues of these crops so as to determine the possibility
of using refuse compost for agricultural production of food




PROPERTIES OF REFUSE COMPOST
2. 1 INTRODUCTION
Composting is a method of solid waste management whereby
the organic fraction of the solid waste stream is biochemically
decomposed under controlled conditions of ventilation,
temperature and moisture to a pathogen-free and humus-like
material. (Golueke, 1977 Pavoni et a1.,1975).
Composting of solid wastes is not solely limited to
domestic refuse, but also for industrial wastes (Kaplan and
Kaplan, 1982 Suler, 1979 Weir, 1977 Willson et al., 1982a
and b). Sewage sludge may be composted before land application
(de Bertoldi and Zucconi, 1980 Haug and Haug, 1977 and 1978
Heaman, 1977 Hyde and Consolazio, 1982 Parr et al., 1978).
The co-composting of garbage and sewage sludge is common
practice in the United States and in some European countries
(Golueke et al., 1980 Guidi et al., 1983 Kresse, 1982). In
a few developing nations, urban garbage and latrine waste
composting has also been reported (Chinese Academy of Medical
Sciences, 1975 Dalmat et al.,1982).
Most of the literature on the chemical analysis and land
treatment of municipal wastes concerns with that of sewage
sludge, and there is a dearth of knowledge on the reutilization
of refuse compost. Studies on the chemical. nature of sewage
sludge from different locations showed that organic carbon,
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total nitrogen, phosphorus and potassium levels were within
a relatively narrow range while the concentration of heavy
metals such as lead, zinc, copper, cadmium, iron and nickel
were extremely variable (Sommers, 1977 Sommers et a l., 1976).
Such a regional variation in metal contents of municipal
wastes is a reflection of the variability of sources of metals
entering various treatment plants which correlates with the
degree of industrialization. Even the properties of sludge
samples from the same sewage treatment plant fluctuated
considerably over a period of one year (Wong and Yip, 1980)
and the same features may apply equally well to refuse compost.
The properties of municipal compost evidently depends
upon the inherent composition of the wastes from which it is
derived and upon how these wastes are treated. Variation in
the length of storage period of the wastes may result in the
differences of waste characteristics.
The chemical composition of refuse compost, which is of
great importance when studying the suitability and developing
recommendations for the rates of compost application on
cropland, is dependent on the nature of municipal refuse and
the procedures by which refuse material is processed dun i n(I
composting.
Municipal refuse, the parent material of refuse compost,
is high in organic matter but low in major fertilizer elements
(King et al.., 1974 and 1977). Review of the composition of
refuse compost demonstrated that the content of organic
35
carbon is generally high whereas the values of nitrogen,
phosphorus and potassium are rather low (Hortenstine and
Rothivell, 1968 Inoko et al., 1979 Kurihara, 1978 Stephen
and Lin, 1970) as compared with sewage sludge and animal
manure (Table 2.1).
Besides the macronutrient contents in municipal wastes,
the level of heavy metals has received attention for most of
them are phytotoxic and are potentially hazardous to the
natural ecosystem if accumulation occurs through the food
chain (Braude et al., 1978 Chaney, 1973 Haney and Lipsey,
1973 Jackson et al., 1978 Roberts and Johnson, 1978). In
general, the heavy metal content of refuse compost resembles
that of sewage sludge and contained a high concentration of
different heavy metals such as lead, zinc, copper, nickel
and manganese (Table 2.2) (Hortenstine and Rothwell, 1968
Kurihara, 1978 Purves, 1977).
The quality of refuse compost is, to a certain extent,
affected by the presence of noncompostables such as plastics,
glass and ceramics. The amount of noncompostable materials
depends largely on the degree of sorting separation in the
preparation step prior to refuse pulverization and digestion.
Grinding will render the intractable materials more difficult
to remove if no screening is carried out and result in a high
fraction of noncompostables in the compost produced.
The aim of the present chemical analysis is to study
the properties of refuse compost collected from the Chai Wan
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refuse composting plant, especially elements known to be toxic
to plant and animal, so as to reveal its fertilizer value.
The results can be used to determine the feasibility of compost
reutilization for agronomic purposes.
2. 2 MATERIALS AND METHODS
Refuse compost: was obtained from the Chai Wan refuse
composting plant in June, 1981 and kept in the greenhouse for
twelve months before experimental analysis and greenhouse
trials were carried out. The 12-month old material was air-
dried for two weeks and sieved through a 2 mm mesh sieve before
analysis. The fraction less than 2 mm was calculated on a
percentage weight basis after sieving.
The air-dried compost was analyzed for the following
items: pH (pH meter, 10 g sample in 50 ml distilled water),
conductivity (conductivity meter, 10 g sample in 50 ml distilled
water), ash content (muffle furnace,, 500°C, 3 h.). air-dry moisture
content (oven, 105 0 C. to a constant weight), texture (Hydrometer
Method), organic carbon (Walkley and Black, 1934), total
nitrogen (ammonia electrode connected to Orion Ionalyzer 701A
after conc. H2SO 11 digestion, Gilbert and Clay, 1973),
extractable NH4 -N and NO3 -N {extracted by NaCl 6% w/v,
ammonia electrode and nitrate electrode respectively,
connected to Orion Ionalyzer 701A), and total and extractable
phosphorus (H SOIf digestion and 2.5% v/- acetic acid
extraction respectively before using Molybdenum Blue Method,
Watanabe and Olsen, 1962). Total mact'onutrient (K, Ca, Mg
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and Na) and heavy metal (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and
Zia) content (mixed acid digestion using conc. H2SO4
conc. HNO 3: 600' HC104= 0.5: 5: 1) and exchangeable
macronutrient and heavy metal content (extracted by 1M
ammonium acetate at pH 7) were determined by atomic
absorption spectrophotometry (Allen et al.,1974).
2.3 RESULTS AND DISCUSSION
The physico-chemical properties of refuse compost from
the Chai Wan refuse composting plant are listed in Table 2.3.
On a weight basis, about 50% of the compost material belonged
to the fraction less than 2 mm which was relatively
homogeneous and decomposed material. The oversized portion
consists mainly of noncompostables present in the refuse
compost. This fraction gives an indication of the degree
of decomposition of the compost and a reflection of the
extent of separation of impurities from decomposabies during
composting.
Refuse compost was slightly alkaline with a p1l of 8 and
was more alkaline than that reported by Hortenstine and
Rothwell (1968) and Stephen and Lin (1970). This alkaline
nature allowed refuse compost to be used as a liming material
for acidic soil.
Mechanical analysis revealed that refuse compost
consisted predominantly of clay particles (63%). This
suggested that refuse compost could serve as a soil
conditioner to improve the physical properties of sandy soil.
Table 2.3 Physical and chemical properties of 12-month old
refuse compost from the Chai Wan refuse composting
plant (Mean of 5 samples)
pH (1:5) 8.0 +0.1
Conductivity ( !:5)(pSxl0J) 5.32+ 0.46









Fraction 2 mm 53.18+ 5.33
Ash content ( % ) 27.97 3 3-52
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The air-dry moisture content was 9.3%. This value was
moderately high and was possibly due to the adsorption of
water film by the clay particles in the refuse compost.
Electrical conductivity which is a measurement of the
ionic strength depends on the amount of soluble salts present
in the sampled material. The result was comparable to that
found by Kurihara (1978) but was slightly lower than that of
Bangkok refuse compost (Stephen and Lin, 1970).
The macronutrient and metal contents of refuse compost
are shown in Table 2.4 and 2.5. The organic carbon of refuse
compost was 28%, which was equivalent to 48% organic matter.
This was similar to that found by Stephen and Lin (1970),
but was comparatively lower than that mentioned by Bengtson
and Cornette (1973) and Inoko et al.(1979). The high organic
content of Hong Kong refuse compost was a consequence of the
organic nature of municipal refuse (high in putrescibles)
which was the result owing to preference of fresh food by
the local population.
Contents of the main macronutrients N, P and K were
rather low in refuse compost as compared to that of chemical
fertilizers (N-P-K 1.67-0.55-0.40) and were in the range
reported by other investigators (Table 2.1). Of the total
nitrogen, less than 0.15%, was present as inorganic nitrogen
in readily available forms (ammonium- and nitrate-nitrogen).
The majority of nitrogenous matter in refuse compost was in
organic form and the presence of amino acid, ammonium amide
Table 2.4 Macronutrient content in 12-month old refuse compost
(Mean o f 5 samp1es)





































Table 2.5 Heavy metal content (pgg) in refuse compost
(Mean of 5 samp1es)





























and hexosamine in composted refuse had been identified (Inoko
et al., 1979). As mentioned by de Hann (198-1), potassium was
as available in refuse compost as in normal mineral fertilizers.
About three-quarter of the total potassium was in extractable
form, though the total content was not very high. The calcium
content of refuse compost was rather high (2.3%) and the same
was true for sodium (0.8%) which is, strictly speaking, not a
macroelement.
A variety of metals in different concentrations are
present in composted refuse (Table 2.5), a number of which
including zinc, copper, cadmium and nickel, are regarded as
potentially toxic (CAST, 1976). The refuse compost contained
high levels of iron, zinc and manganese. Copper and lead
were also abundant. In addition, chromium, nickel. and cadmium
were at levels that might pose environmental and health
hazards. The levels of Cu, Mn and Ni were higher than that
reported in other studies (Table 2.2). The exceptionally
high level of total iron in refuse compost might be due to
the inclusion of magnetic fragments in the waste compost.
As to exchangeable contents, zinc and manganese were
the highest. Low levels were a found in exchangeable chromium,
cobalt and cadmium. The metal content in exchangeable forms
did not correlate very well with their corresponding total
amount. Although exchangeable iron content was quite high,
it constituted less than 1% of the total iron content in the
waste material. The percentage of total content as
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exchangeable form was about 10% for cadmium and copper, and
15% for zinc. About one-third of the total manganese was
in exchangeable forms. The sum of exchangeable form was only
6% of the sum of total metal content.
Refuse compost is a source of organic matter with high
content of cellulose, hemicellulose and lignin. It can be
used as a physical conditioner. The organic carbon content
was higher than that of activated and digested sludges while
the level of nitrogen was lower than that of digested sludge
as well as chicken and pig manures (Cheung and Wong, 1981).
The high organic carbon and sow total nitrogen value resulted
in a high carbon-nitrogen ratio (17:1). High C/N implies a
keen competition for available nitrogen (Brady, 1974) and
immobilization of nitrogen will occur during the initial
decomposition process when excessive amounts of organic
carbon (C/N greater than 30) is added to soil (Tisdale and
Nelson, 19755).
Refuse compost contains most plant nutrients and is
equivalent to a 1.67-0.55-0.40 fertilizer. Refuse compost
is thus a low-analysis, slow release organic fertilizer
valued mainly as a soil conditioner. Perhaps what is more
important in the long run is that the waste is recycled when
it is applied to agricultural land.
Soil nitrogen is usually the limiting factor in crop
production. Nitrogen supply is also the major factor
limiting plant growth in most spoiled and disturbed areas
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(Bradshaw and Chadwick, 1979 Davison and Jefferi e s, 1966
Lanning and Williams, 1979 and 1981). The lower ni trogeil
loading in refuse compost (1.7%) than sewage sludge (2.5%
reported by Giordano and Mays, 1981 2.25% by Touchton and
Boswell, 1975) indicates that the former is not a caood source
of nitrogen. Because it is poor in macroelement., refuse
compost as soil amendment has to be applied in rather large
quantities to supply adequate minerals for normal plant
growth.
Besides nitrogen or nutrient content, toxic element
loading of municipal waste is another common parameter which
governs the rate of waste application. This is preferably
employed when waste containing excessive amount of toxic
metals are applied to cropland. The various standards based
on heavy metals, such as zinc equivalent, zinc-cadmium ratio
and guideline based on cation exchange capacity for determining
the rate of sludge application were summarized by Ra jaggopal
et al.(1981). When compared with the permissible limits,
refuse compost had a considerably higher zinc equivalent
than that proposed for sludge application, but at a much
higher pH (Table 2.6). In terms of zinc-cadmium ratio, the
figure was similar to the maximum allowable value. Although
the lit-nits are worked out for sludge application, there is
no doubt. that the incorporation of refuse compost which
contains considerably high level of trace elements in soil.
inevitably increases the metal content of the soil. This is
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Table 2.6 Comparison of the heavy metal content in refuse compost
with the standards which govern the rate of sludge
application to agricultural land
Value of refuse compostStandard Permissible limit proposed
stu.idied in the present
experiment
250Zinc Equivalent (ug/9) 3,563.40
(Zn+ 2Cu+ 8Ni )ug/g (pH= 8.0)(pH >6.5)
Zinc: Cadmium Ratio 100 102.51
U.S. Department of Pb 2,000
Agriculture Guideline Zn 1,000




This guideline was not compared since it evaluated the environmental
impact of sludge application in terms of rate of application (kg/ha)
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of particular concern if the compost is utilized for
agricultural or horticultural purposes. However, the
availability of the metals to plant uptake and their
accumulation in plant tissues are influenced by a number
of edaphic factors.
Heavy metal availability, in general, decreases with
increasing pH (Foth and Turk, 197?). The solubility of
various trace metals in compost-amended soil may be decreased
due to the alkaline and calcareous nature of refuse compost
despite its high metal content.
Available metal content is also decreased by the
complexing action of organic matter (Kirkham, 1977 Petruzzelli
et al.,1977). Thus the uptake of heavy metal by plants may not
always increase but remain unaffected or even decrease with
the application of organic fertilizers, even if the total
content in soil is increased. The reason is that the uptake
is proportional to the free fraction rather than the total
level and the reducing influence of organic matter on
solubility is stronger than the increasing influence from
the higher total metal content (Andersson, 1975/76).
However, Haghiri (1974) found that the retaining power of
organic matter was mainly through its property of cation
exchange capacity rather than its chelating ability. The
effect of cation exchange capacity on metal uptake has also
been demonstrated (Miller et al., 1976).
Absorption of heavy metals is relatively independent
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of their concentration in compost but is affected by pH value
and the cation exchange capacity of the substrate, as well as
the type of plant cultivated (Lutz, -1981). In spite of the
excessive total metal content, the combining effect of
alkaline pH and organic nature lower the available amount
in soil. However, the actual effect of compost-borned metals
on plant has to be assessed through greenhouse or field trial
in terms of productivity, phytotoxicity and metal accumulation
in plant tissues (Chapters 5 and 6).
When the properties of refuse compost are compared with
that collected in 1980 (spring) from the same composting
plant, variability of physical and chemical features can be
demonstrated, though only two sets of sample are available
for comparison. The properties of the 1.980's refuse compost
are shown in Table 2.7 (Wong et al.,1983d).
Refuse compost used in the present study exhibited a
higher pH but lower conductivity, organic carbon, total
nitrogen, total manganese and extractable lead than that used
in the previous experiment. The differences may be simply
due to a matter of time (seasonal variation). However,
seasonal fluctuation in the properties of refuse and thus of
the compost produced may attribute to the varied properties
obtained. Though variation is observed, the general
characteristics of refuse compost are similar in the two
samples (high pH, clay content, organic carbon, heavy metal
content, and low total nitrogen). Nonetheless, care must be
50
Table 2.7 Properties of refuse compost studied by Wong et al. (1983d)
pH (1:5) 7.2
Conductivity (1:5) (PSx103) 8.38
Air-dry moisture ( % ) 10 .34
Texture Sand ( % ) 0.00
Silt ( % ) 15-75
Clay 84.25( % )
Organic carbon ( % ) 36.67












taken in examining the properties of refuse composts collected




EFFECTS OF COMPOST EXTRACTS ON SEED GERMINATION
AND ROOT ELONGATION OF EDIBLE CROPS
3.1 INTRODUCTION
It is generally agreed that heavy application of
municipal or agricultural wastes not only adversely affects
plant yield but also inhibits seed germination and root
growth (Hinesley and Sosewitz, 1969 Hunt et al.,1973
McCalla et al.,1970 Sabey and Hart, 1975). Poor germination
and emergence inevitably led to sparse stand and low yield
when seeds were sown directly to waste-amended soil (Sabey
and Hart, 1975 Wollan et al., 1978).
Organic substance and heavy metal are the two major
factors involved in the inhibition of seed germination and
root growth when seeds were added with municipal. wastes.
The phytotoxic effects of heavy metals are well-documented
in algae (Gibson, 1972 Kanazawa and Kanazawa, 1969 Wong, 1980)
and in higher plants and economic crops (Bazzaz et al., 1974a and
b Beckett and Davis, 1977 and 1978 Carlson and 13azzaz, 1977
Huang et al., 1974 Miller et al., 1973 Morgan et al., 1966
Mukherji and Gupta, 1972 Rosen et al., 1977 Sirkar and Amin,
1974). In addition, Wong and Lau (1983) claimed that reduction
in root growth of common edible crops was largely related to the
metal content in extracts of roadside soil.
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Besides heavy metal, numerous soil organic amendments
were shown to have inhibitory action, direct or indirect, on
seed germination. McCal.la and f?ul ev( 1948) found that
germination of corn seeds was significantly suppressed when
soaked in sweetclover foliage-water mixture. Germination of
wheat was inhibited by an ethanol soluble substance from
wheat straw (Guenzi and McCalla, 1962). Decomposing crop
residues were -Also reported to be toxic to cotton seed
germination and seedling growth (Megie et al., 196-7).
When municipal wastes were added to soil, germination
was not permanently inhibited but merely delayed (Lunt, 1959).
The lag period was found to be dose-dependent and the effect
of organic inhibitors was suggested (Wollan et al.,1978).
Sabey and Hart (1975) noticed that germination inhibition
of millet and sorghum sudangrass was more severe when seeded
shortly after liquid sludge was incorporated into the soil
than that of wheat which was seeded about three months after
sludge application, suggesting that the inhibitive factors
might be eliminated during the incubation period. Greater
inhibition was also obtained when seeds of Urassica
parachi nerisi s were treat ed wi th extracts of act iva ted sludge
than with distilled wat er containing mixtures of heavy rF,rals
(cadmium, copper, irorr, manganese and ziiic) with Cori cell trat ions
equivalent to those fouled in different portions of sludge
extracts (Wong et al., 1981).
The high contents of organic materials, heavy metals
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and other phytotoxic substances of refuse compost may exert
harmful. effects on soil and vegetation. The present study
examined the effect of aqueous extracts of refuse compost on
seed germination and root elongation of Brassica chinensis L.
(Chinese white cabbage) Daucus carota L. var. sativa I)C.
(carrot) and Lycopersicon esculentum Mill. (tomato) since
germination and seedling development are the pioneer steps
for plant growth and establishment. The response of seed
germination and root growth may also serve as bioassay
criteria. Three types of crop were tested in order to
compare their susceptibility to refuse compost. Composts
of three different stages of maturation: fresh, 6-week old
and 12-month old were used with an attempt to correlate
the various kinds of phytotoxic factors with inhibition of
seed germination and radicle growth. Root elongation was
particularly scrutinized since it seemed to be a better
parameter in toxicity analyzes (Wong et al.,1981).
3.2 MATERIALS AND METHODS
Refuse compost was obtained from the refuse composting
plant at Chai Wan. The materials were air-dried for one
week and passed through a 2 mm..mesh sieve. Different
concentrations of aqueous extracts (fresh and 6-week old
compost: 4, 8, 12 and 16%, w/v 12-month old compost: 4, 8,
12, 16 and 20% w/v) of the refuse compost were prepared by
shaking with distilled water at 100 rpm for two hours using
a rotary shaker at 22°C and filtering through WWhat.man No. 42
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filter papers. 7 ml of various extracts were applied to
petri dishes, each with 2-10 seeds on a filter paper. The
filter paper was used to retain moisture. Distilled water
was also used as a control. Each treatment was triplicated.
All the seeds were placed in a growth chamber with a light-
dark cycle of 16-8 hour (light intensity 2,500 lux) and a
temperature of 25 7 Lr 0C (Fig. 3.1). The number of seed
germinated and the root length of germinated seeds were
recorded every day for six days.
The pH of the aqueous extracts was determined with a pH
meter. The concentration of ammonia in the extracts was
determined by means of an ammonia electrode connected to a
701A Orion lonalyzer (Gilbert and Clay, 1973). The content
of ethylene oxide was tested by means of oxidation with
periodic acid and determined as formaldehyde following the
method described by Leithe (1971). The contents of heavy
metals (Cd, Cu l Pb, Mn and In) were determined by atomic
absorption spectrophotometry (Allen et a]., -I9 (4).
3.3 RESULTS AND DISCUSSION
The effect of water extracts of refuse composts at
different levels of maturity on seed germination of the crops
are presented in Table 3-1 3.3. Severe supressioti of
germination was noted with those seeds treated with extracts
of fresh compost. Reduction of germinat ion could also be
observed in the cases of the 6-week old and 12-month old
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Fig. 3.1 Illuminated bench with automatic timer
( 16 hour light/8 hour dark cycle) used
for the experiment
Table 3.1 Seed germination(% of control) of 13. chinensis in aqueous
extracts of refuse compost of different levels of maturity.
Days
Compost
Extract 1 2 3 4 5 6






















































































































0 denotes distilled water alone (control)
4, 8, 12, 16 and 20 denote different concentrations of compost extract(% wv)
Table 3-2 Seed germination(% of control) of D. carol a in aqueous
extracts of refuse compost of different levels of maturity.
Days
Compost
Extract 12 3 4 5 6






















































































































0 denotes distilled water alone (control)
4, 8, 12, l6 and 20 denote different concentrations of compost extract(% wv)
Table 33 Seed germination(% of control) of L. esculentum in aqueous
extract of refuse compost of different levels of maturity.
Days
Compost























































































































0 denotes distilled water alone (control)
4, 8, 12, l6 and 20 denote different concentrations of compost extract(% wv)
composts as compared with the control. In general, extracts
of higher concentrations exhibited a lower number of seed
germination in the three types of compost. Of the three crops,
the inhibitory effect was more obvious on L. esculentum with
reference to the control. It was shown that for fresh compost
extracts, the percentage of seed germination was significantly
inhibited (p 0.01) in extracts of high concentration( 12%
and 16%) for 13. chin en si s and D. carota, and 8%, 12% and 1.6%
extract s for Lescu 1 enturn( Tab 1 e 3• 4). Simi 1 ar, but 1 ess
adverse effect was also found in immature compost. In 12-
month old compost, germination of Chinese white cabbage did
not differ significantly (p 0.05) from the control, while
that of carrot and tomato showed significantly difference
only in extracts of relatively high concentrations( 1.6% and
20%).
Fig. 3-8- 3-10 show the root length of the germinated
seeds of Chinese white cabbage, carrot and tomato treated
with various types of compost extract. Root elongation was
retarded in all extracts of refuse compost. The adversity
of compost extract increased with increasing concentration.
The extent of growth reduction was most severe in fresh
compost extracts in the three crops and root growth was
nearly completely inhibited at the high concentrations of
12% and l6%. Root length differed significantly (p 0.05)
from that of the control except for W' 6-week old compost
extract in B. chinensis, 4% 6-week old compost extract, and
Table 3- Seed germination(% of control) of B. chinensis, D. carota and
L. esculentum treated with various concentrations of compost
extracts of different levels of maturity at Day 6.
Compost Extract


























































significant difference (p O.l) based on comparison with the control
significant difference (p 0.05) based on comparison with the control
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n a v qiu n a O
fig. 1- 1 hoot elongation of Crassica chinensis in water extracts of 12-month old refuse compost
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Rig- 5.7 Root elongation of Daucus c a rot a in water extracts of 12-month old refuse compost
Fifi- 3-fi Foot elongation of Lycopersicoii esculentum in water extracts of fresh refuse compost
DAYS
Fig. 3.9 Root elongation of Lvcopcrsicon esculenturn in water extracts of 6 week-old refuse compost
8 7
Fig. 3.10 ROOT eiongation of Lycopersicon csculenum in water extracs of 12-momth old refuse compost
4% and 8% 12-month old compost extract in D. carota, and 4%
12-month old compost extract in L. esculenturn (Table 35)
The results of root elongation at Day 6 were summarized in
Fig. 3. 11 and the adversity of fresh compost extracts,
especially at high concentration, could be noted.
The 72-h, 96-h and l44-h EC (effective concentration
for reduction of the root length of the control) of the
12-month old compost extracts on root length of the three
types of seedl'ings are calculated and listed in Table 3.6.
It indicated that the susceptibility to compost extracts was
in the ascending order of D. carota 13. chinensis L. esculentum.
Similar findings had been obtained by Wong and Lau. (1983) and
it was shown that B. parachinensis and B. chin en sis were more
sensitive than D. carota to extracts of roadside dust in terms
of seed germination and root elongation of germinated seeds.
The pH, ammonia and ethylene oxide contents of the
aqueous extracts of refuse compost were determined and the
results are shown in Table 37 The extracts were slightly
alkaline for the composts of different age and the pH value
fell within a narrow range of 7.4- 78. Of the three sets
of samples, the fresh one was slightly more alkaline than the
other two for all concentrations of extracts. As for ammonia,
the highest content was found in extracts of the 6-week old
compost, followed by the 12-month old and fresh compost. Such
difference might simply be due to the variation in the amount
of inorganic N (NH, -N) present in the 3 sets of compost
Table 3-5 Root length (cm) of B. chinensis, L. careta and L. esculent vim treated with various concentrations
of compost extracts of different levels of maturity at Day 6
Compost Extract


























































significant difference (p<0.1) based on comparison with the control
significant difference (p<0.03) based on comparison with the control
signi Meant difference (p<0.01) based on comparison with the control
CONCENTRATION (%w/v)
Fig. 3.11 Root length of a) B. chinensis, b) D. carota and
L. esculentum treated with various concentrations
of compost extracts of different levels of maturity
at Day 6. fresh compost;
6-week old compost;
12-month old compost.
Table 3-6 ECrQ(% wv) of 12-month old compost extracts on the
root length of EL chinensis, D. carota and L. esculentum
72-h Qh -h 144 -h
B. chinensis 8.60 13.30 l8.60
D. carota 9.80 13-60 18.95
L. esculentum 6.59 8.12 17.05
Table 3.? The pH, ammonia and ethylene oxide contents (pigml)
in the aqueous extracts of refuse compost of different
levels of maturity (Mean of triplicates)








































































65.72 7 9- 18
77.68 7 17.57
sample but not the age of refuse compost since it was observed
that there was a declining trend of NH during the process
of maturation (Chapter 4).
In the case of ethylene oxide, the level decreased with
the age of the compost for a particular concentration while
the content increased with the concentration for each set. of
compost extract.
Table 3-8 shows the heavy metal contents of the compost
extracts. The metal contents increased with respect to
increased concentrations of extracts and, in general, the
amounts were higher in the fresh and 6-week old composts.
It could be summarized that extracts of fresh compost
contained the highest contents of ethylene oxide and heavy
metal and were slightly more alkaline than the extracts of
6-week old and 12-month old compost. When the correlation
coefficient between the different parameters of the compost
t
extract and root elongation was computed, it was revealed that
there were significant negative relationships between root
length of germinated seeds and contents of heavy metal (Cd,
Cu, Mn, Pb and Zn) and ethylene oxide (p 0.0005) and pH
(p 0.010) (Table 3-9)- Correlation between root growth
and level of unionized ammonia was less significant for
tomato (p O.Og), while poor correlation was observed for
that of Chinese white cabbage and carrot.
It is well known that free ammonia inhibits seed
germination and seedling development (Okuda and Takahasi,
Table 38 Metal content (ugml) of aqueous extracts of fresh, 6-week old and 12-
month old refuse compost (Mean of triplicates)
Cd Cu Mn Pb Zr
4% Fresh 0-03 to.00 2.6l 4o.ll 2.14 1 1.26 0.40 10.01 2.4-3 40.57
6-week old
12-month old
0.02 40.00 2.9640.06 0.2640.1? 0.1940.01 2.2340.15
0.02 40.00 1.31 4o.18 0.24 40.03 0.21 40.01 0.85 40.13
8% Fresh o.o4 4o.oo 4.9040.16 3.8042.33 0.59 40.02 4.4240.89
6-week old 0.03 40.00 5- 61 40.23 0.43 40.06 0.34 40.03 4.10 40.21
12-month old 0.03 4o„oo 2.43 4o.i8 o.4i 40.03 0.30 4o.o4 1.66 40.12
1 2% F r e s h o.o4 4o.oo 6.60 4o.6i 4.8o42.8o 0.7540.03 6.1741.01
6-week old 0.03 40.00 8.02 40.72 0.8l 40. 10 0.54 40. 10 5-82 40-32
12-month old 0.03 4o.oo 3.23 4o.62 0.50 4o.o6 0.33 4o.02 2.07 ±0.38
16% Fresh 0.0540.01 8.7740.89 6.8944.23 0.9540.03 8.8241.56
6-week old 0.04 40.00 11.49 1 1.52. 1.20 40.31 O.69 40.23 8.47 4 1. 16
J 2-month old 0.03 4o„00 4.31 40.45 0.71 40.04 0.45 40.05 2.85 40.13
20% 12-month old 0.03 40.00 5- 41 40.74 0.80 40.03 0.50 40.00 3-42 40.31
T ab1e 3 «9 The results o f correlation coefficient analysis between
the parameters of the compost extracts and root growth
it, chin en sis I), carota L. esculentum
pH r= -0.745 r= -0.663 r= -O.727
p 0. 01 p 0. 01 p 0. 0 1
Ammonia r- -0.332 r= -0.423 r= -0.471
p 0. 1 p 0. 1 p 0.05
Et hy1 en e o x i d e r= -0.915 r= -O.893 r- -0.865
p 0.0005 p 0.0005 p 0.0005
H e a v v rn e t a 1 c o n t e n t r- -0.932 r'= -0.918 r= -0.916
p 0.0005 P 0.0005 p 0.0005
1961; Stout and Tolman, 1941). It had also been noted that
ammonia released from decaying organic matter was harmful to
germination and seedling growth of peanut Arachis hypogaea
and sudangrass Sorghum sudanense (Megie et a 1., 1967), and
germination injury of sudangrass Sorghum sudanense and barley
Hordeum vulgare was caused mainly by the high concentration of
ammonia in dairy manure (Adriano et al-, 1973)• Moreover, it
was reported that growth and photosynthesis of two algal
species, Chlorella pyrenoidosa and Scenedestnus obliquus were
inhibited by free ammonia formed during the active decomposition
of sewage in high rate oxidation pond (Abeliovich and Azor,
1976). The growth of C. pyrenoidosa also correlated negatively
with the content of ammoniacal nitrogen in chicken manure
extracts (Wong et al., 1983c),
The presence of ethylene oxide in organic wastes has
not yet been demonstrated. However, ethylene oxide fumigation
has been used to control insect pests (Cantwell et al., 1973?
ChiIds and Overby, 1976) and pathogen-free seeds (Ralph, 1977)-
Ethylene oxide had been identified as a major metabolite of
ethylene in broad bean Vicia faba (Jerie and Hall, 1978). It
retarded fruit ripening in tomato, apple and plum and
inhibited ethylene production (Lieberman and Mapson, 1962).
It was effective in delaying or neutralizing such physiological
responses to ethylene as fruit ripening, flower senescence, and
water loss due to increased cell permeability and the role of
ethylene oxide as a metabolic antagonist to ethylene had been
postulated (Lieberman et al., 1964). Structural similarities
Hy) may attribute to their inhibitory inter¬
action. Ethylene is known to be generated in waterlogged soils
(Smith and Jackson, 1974) and is a trigger for seed germination
Ethylene oxide may act oppositely and inhibit seed germination.
In fact, it had been reported that seeds of wheat, oats,
sun!lower, pearl millet, cotton, bean and rape were very
susceptible to damage by ethylene oxide (Ralph, 1977), and
ethylene oxide reduced germination and seedling growth of
rice Oriza sativa (Roy and Jana, 1975).
Phytotoxicity of various heavy metals has been studied
and it was found that Cu Ni Co Pb Cd Zn Mn Ee in the
order of toxicity (De Kock, 1956; Hogan and Rauser, 1979;
Jowett, 1958; Wong and Rradshaw, 1982). The adverse effect
of different metals on seed and seedling development are
summarized in Tab1e 3•10.
It was found that Chlorella,pyrenoidosa grown in extracts
of activated and digested sludges was low in oven-dry weight
but high in metal (Cu and Zn) contents (Cheung and Wong, 1981).
The addition of ETDA, a chelating agent, up to 10 M favoured
the growth of C. pyrenoidosa in activated sludge, implying
the toxicity of various metals had been alleviated (Wong et al.,
1983b). Thus the detrimental effect of heavy metals in municipal
wastes was evident.
Though there was a significant positive relationship
between pll and root length, the rise in pll alone was not the
Table 310 The effects of different heavy metals on root growth of different
plant species
Metal Plant species Conc.(ug m1) Symptoms Author(s)
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EC„ root growth Wong Bradshaw, 1982
yO
Inhibited root Poison Adams, 1970
growth
Zea mays 8.4 ED root growth Craig, 1978
cause of the toxic action observed (Okuda and Takahasi, 1961).
Moreover, the difference of only 0.4 unit in pH near neutrality
(pH v. 7• 8) should not be the causal factor in growth inhibition
by refuse compost extracts.
On the other hand, although poor correlation was obtained
between root growth and NH content of extracts in the present
study, it was of no doubt that NH exerted an inhibitory effect
on seed germination and root development which was masked by
that of ethylene oxide and heavy metals. It was found that
the effects of manure extracts, especially chicken manure,
on root elongation and seed germination closely followed the
contents of ammonia and, to a lesser extent, ethylene oxide
during an incubation period of 65 day (Wong et al., 1983c)
Yield and germination depression has also been attributed
to high salt content in manure (Adriano _a_l_-, 1973)- Refuse
compost, with high conductivity and contents of K, Mg, Ca and
Na (Chapter 2), might exert considerable salt toxicity on
seed germination and root growth. In fact, high salt
concentration (mainly chlorides) of the domestic waste compost
was considered as equal with the heavy metals in causing
vield reduction in vegetable crop (Van Assche and byttebroeck,
1982).
Substances other than ammonia, ethylene oxide, salt and
heavy metal max have considerable effects on germination and
seedling growth. Aliphatic hydrocarbon, fatty acids and
phthalate esters had been found in composted municipal refuse
(Gonzalez-Vila et al., 1982).. Organic acids such as acetic
acid, propionic acid and butyric acid were also pinpointed as
the major factor which accounted for the phytotoxicity of
fresh refuse compost (De Vleeschauwer et a 1«,, 1981) and fresh
cattle manure (Schuman and McCalla, 1976). It was also noted
that the levels of organic carbon played a significant role
in affecting algal growth in extracts of food processing wastes
(Wong et a 1., 19 3a).
The present results indicated that refuse compost extracts
were toxic to plant growth in terms of seed germination and
root elongation, with greater adversity in extracts of fresh
refuse compost. The changes in phytotoxicity in refuse compost
during the process of maturation will be studied in Chapter 4.
The toxicity of compost extracts may be different from that of
compost-soil mixtures since in actual field application the
effects of refuse compost will be under the influence of soil
type, environmental conditions and the method of application.
CHAPTER 4
CHANGES IN PHYTOTOXICITY OF REFUSE COMPOST
DURING THE PROCESS OF MATURATION
4.1 INTRODUCTION
The key to composting is to provide an environment
optimal to microbial metabolism and replication as the
composting mass is basically a microbial ecosystem with an
indigenous mixed population of microorganisms derived from
the atmosphere, water or soil. In either windrow or
mechanized operation, the process is characterized by
changes in pH and temperature and falls into four
i dent i f i cab 1 e stages: rnesophilic, thermophilic, cooling
and maturing stage, which is the result of microbial action
at the expense of the solid waste under treatment (Skitt,
1979) (Fig. 4.1).
The organic constituents of city refuse also undergo
changes in the process of composting. Inoko et a1. (1979)
found that there was a decrease in content of total carbon,
hemicellulose and cellulose during the sixty days of
fermentation and piling.
In composting, the decomposition of organic wastes is
conducted in conditions which are favourable to maximum
microbial activity. However freshly produced compost is
usually only partially decomposed because most types of
composting plant would be too costly to be provided with
Fig. 4.1 The changes in pH and temperature






a capacity for accomodating the wastes until their
degradation was nearing completion, and a period of
stabilization is necessary. Ultimate stability, on the
other hand, is not desirable since the utility of compost
depends on further decomposition in the soil (Golueke, 1977).
Due to incomplete decomposition, freshly composted
refuse may contain hazardous substances other than heavy
metals that are inhibitory to normal plant growth. The
production of 'phytotoxic substances during the composting
process appeared to be associated with the initial and
intermediate stages of decomposition (Zucconi et al., I98la
and b). When fresh refuse compost is applied to agricultural
land, injuries to existing plants or germinating crops have
been observed. Seed germination and root growth were
inhibited by fresh and immature compost (Zucconi et al.,
198la). Such damage has often been attributed to the high
CN ratio of the unstabilized organic material, as well as
to the evolution of NH (Golueke, 1977)- Toxicities of sludge
and manure to seed germination were found to have an inverse
relationship with ammonia content in the waste extracts,
though ammonia was not the sole toxic factor (Adriano et al..
1973; Molina et_ al_., 1971; Wong et al_., 1983b). In addition,
the toxic effect of ethylene oxide had also been reported,
and the changes in ethylene oxide contents during incubation
of manure extracts were closely related to its inhibitory
effect on root elongation and seed germination (Wong et al.,
1983b).
Raw refuse compost, which is partially decomposed, was
extremely phytotoxic with high level of volatile organic
inhibitors. Consequently, although refuse compost is
generally suitable for immediate use in bulk, for landfilling
or as a topsoil material, it needs to be stabilized in order
for its decomposition to continue until the material is mature
and safe enough if it is applied to cropland.
The aim of the present investigation was to study the
changes in chemical composition, such as ammonia, ethylene
oxide eind heavy metals which are potentially phytotoxic, of
a fresh sample of refuse compost and to determine the length
of time for which fresh compost had to be stored in order to
lower the phytotoxic effects.
4.2 MATERIALS AND METHODS
Fresh refuse compost was collected from the Chai Wan
refuse composting plant at 24th September, 1982. They were
then stored in a rattan container and kept in the greenhouse
at a temperature of 20 i 5°C for 16 weeks. The compost
material was moistened with 200 ml distilled water and
turned to give aeration once a'week- Samples of the material
were transferred to the laboratory at week 0, 2, 3 6, 8,
12 and 16. The samples were air-dried, passed through 2 mrn
sieve and analyzed for the following properties: organic
carbon (Walkley and Black, 193)1 total nitrogen (NH electrode
after conc. H2SO4, digestion, Gilbert and Clay, 1973)-.
extract able phosphorus (2.5% acetic acid extraction,
Molybdenum Blue Method, Watanabe and Olsen, 1962), total
heavy metal content: cadmium, copper, manganese, lead and
zinc (mixed acid digestion, conc. H2SO4,: conc. HN0o:
60% HCIO4 =0.5: 5• l) using an atomic absorption
spectrophotometer following the method described by Allen
et al.( 1974).
Tests on the effects of compost extract on seed
germination and root elongation of B. chinensis were carried
out to measure the toxicity of the refuse composts of
different degrees of maturity. Aqueous extracts (8% wv)
were prepared by shaking the air-dried material in distilled
water (l rpm for 2 hours) before filtering through Whatman
No. 42 filter paper. 20 seeds of IS. chinensis were placed
on a filter paper in a petri dish. 7 nil compost extract
was added to each petri dish. Distilled water was used
for the control group. The treatments were triplicated
and the dishes were placed in a growth chamber with a l6~8
hour light-dark, cycle (light intensity of 2,500 lux). The
number of seed germinated was,recorded every day and the
root length of germinated seed was measured every two days
for a period of six days.
The extracts of different aged composts were analyzed
for pH (pH meter), NH3 (NH3 electrode connected to Orion
Ionalyzer 701A, Gilbert and Clay, 1973)- ethylene oxide
(Leithe, 197-0 and heavy metal content (Atomic absorption
analysis, Allen et al., 1974).
4.3 RESULTS AND DISCUSSION
While the refuse compost was rotting and maturing, a
change in the colour of the compost was observed (Fig. 4.2).
The fresh compost was light brown in colour and become darker
during the process of maturation. Colour change of city
refuse during composting process had been studied and
stimulus value Y (the degree of lightness) was measured
with Colour Analyzer (Sugahara et al„, 1979)• It was found
that stimulus value Y could be used as criterion for
determining the degree of maturity of refuse compost.
During the maturing process of refuse compost, organic
carbon content and the CN ratio decreased while the total
nitrogen content increased (Fig. 4.3 J- The freshly produced
compost had a high organic C content of 4-0%. A reduction of
30% of the original content was resulted after a period of
16 weeks. The decline was the result of microbial activity
by which less resistant organic matter was decomposed and
part of the organic substrate was lost as C0n.
Total nitrogen, on the other hand, increased from 1.35%
in fresh compost to 1.95% in l6-week old compost. The
latter value was comparable to that of mature urban compost
from various Japanese cities (2.11- 2.30%) as reported by
Kurihara (1978). It was claimed that there was a tendency
0 2 3 U
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Fig. 4.2 Refuse compost of different levels of maturity.
Note the darker color in 'older' compost samples.
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WEEKS
Fig.. 3 The changes in contents of organic carbon and total nitrogen, and CN ratio of refuse compost
during the process of maturation (Mean of samples).©, organic C; O, total N;, CN.
for the final wel1-decomposed product to have a fairly constant
nitrogen content as humus was formed during decomposition in
the compost pile, regardless of the composition of the
original plant materials from which it was formed (Allison,
1973)- Unlike organic carbon, nitrogen is utilized by
microorganisms or undergoes interconversion between different
forms though a small amount may be lost through ammonia
volatilization. As the decomposing mass lost some of its
weight through microbial respiration, nitrogen content
increased correspondingly.
The increase in total N, coupled with the lowered organic
C, resulted in a drop in the CN ratio of the compost material.
The CN ratio decreased rapidly in the first 4 weeks and then
declined gradually to a value of 13-85- The changes in organic
C, total N and CN ratio coincided with those reported by
Harada and Inoko( 1980b), Hughes (1980) and Inoko ej_ a 1.( 1979)-
The total heavy metal contents'of refuse compost at
different levels of maturity are shown in Table 4.1. The
total contents of Cd, Cu, Mn, Pb and Zn all increased during
the 16 week stabilization. The increase was about Go°o for
Cu, Mn and Zn and 30no for Cd and Pb. As in the case of N,
the increase in total metal contents was due to dry weight
loss of the decaying refuse compost.
80 (wv) extracts of refuse composts were prepared for
the phytotoxicity study. This concentration was used
because it fell within the range of l44-h EC of fresh,
Table 4.1 Total heavy metal content (pgg) of refuse compost at different levels
of maturity (Mean of 3 samples)

















































6-week old and 12-month old refuse compost extracts (5-8%,
12.0% and l8.6% respectively) (Chapter 3). 13. chinensis
was chosen as the indicator since it gave quicker response
in seed germination and root growth than D. carota and
L. esculentum.
The changes in pH and contents of ammonia and ethylene
oxide of aqueous extracts of refuse composts of different
ages are shown in Fig. 4.4 and 4.5- The level of ammonia
decreased gradually from 17 to 6. 3 pgml (60% reduction)
within l6 week stabilization. The content of ethylene oxide
dropped rapidly until the 4th week (from 2p0 ugml to 98 ugml)
after which the decline became less drastic. The decrease
in ammonia content was accompanied by a fairly constant pH
(with initial increase). This indicated that ammonia affected
pH to a very small extent.
The metal contents in 8% compost extracts are listed in
Table 4.2. All the five metals studied showed a significant
reduction in water-soluble content at the end of the experiment.
The decrease was greatest in case of Mn and Zn and amounted
to over 80% of that of fresh compost extract. Similar
decrease in water-soluble phosphorus had also been obtained
during the composting of wheat straw plus jowar stalk (Gaur
et al.. 1982). Although no drainage of liquid was observed
when the mass was moistened regularly, the possibility that
the decrease was due to the leaching ot the soluble content
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W E E K S
''IJ' no changes in pH and ammonia content in 8% aqueous extracts of refuse compost of
cli f f 6i 0111 1 e e 1 s of maturity (Moan of 3 samples)
W E E K 8
Fin. 4.3 change in content of ethylene oxide in 8% aqueous extracts of
recluse compost of different levels of maturity (Mean of 3 samples)
Table 4.2 Heavy metal content (jjgml) in 8% extracts of refuse compost
at different levels of maturity (Mean of 3 samples)












































5.41 4 0. 24
4.28 4 0.03
3.39 4 0.i4
2. 37 4 0.07
2.01 4 0.23
The responses of 13. chi nensi s to extracts of refuse
composts ol different stage of maturation in terms of seed
germination and root growth are presented in Table 4.3 and
4.4 and Fig. 4.6. Student s t test was employed to compare
seed germination and root length( l44-h) between the control
group (distilled water only) and those of the treated groups
(compost extracts). The percentages of seed germination in
all the compost extracts were lower than that of the control
(Table 4.3). Significant suppression (p 0.01) of seed
germination was observed in extracts of fresh and 2-week
old compost. Over 80% seed germination was obtained in
extracts of composts of more than 3-week old.
Extracts of composts of 0- 4-week old produced
significantly shorter root lengths (p 0.01) when compared
with the control (Table 4.4). Marked inhibition on root
elongation was observed in extracts of fresh, 2-week old
and 3-week old compost (Fig. 4.6). The inhibition became
less severe in extracts of composts at later stages of
maturation (after 6 week stabilization) and root length in
extracts of composts of more than 8-week old did not dilfered
significantly from that of control (p O.l).
Calculation of the correlation coefficient between seed
germination or root length and the C'. ol the refuse compost
or the various factors of the compost extract suggested
that there were highly significant inverse relationship
between root length of germinated seeds and contents of TH,
Table 4.3 Seed germination(%) of B. chinensis in 8% extracts of
refuse compost at different levels of maturity
Days


























































Control 90.00 93-33 95.00 95-00 95-00 95-00
significantly different (p 0.10) as compared with the control
significantly different (p 0.05) as compared with the control
significantly different (p 0.0!) as compared with the control
Table 4.4 Root length of B. chinensis in 8% extracts of
refuse compost at different levels of maturity
at Day 2, 4 and 6.
D ay s

































Contro 0.8570.28 2.3170.82 5.2071.O3
significantly different (p 0. 10) as compared with 1 he control
significantly different (p 0.05) as compared with the control
significant 1v different (p 0.0j) as compared with the control
Fig. 4.6 Root elongation of B. chin en si s in 8°o extracts of refuse
compost of age 0, 2, 3i 4, 6, 8, 12 and l6 weeks with
reference to the control (distilled water only). RCO, 2
3, 4, 6, 8, 12 and l6 denote extracts of compost of the
corresponding age in weeks. Vertical bar represents
standard deviation (only either upper or lower half is
shown)
ethyl one oxide and heavy metal (p 0.0005) and CN (p 0.01)
(Table 4.5). Seed germination also showed similar but less
significant negative correlation with the different factors
(p 0.05). This finding supported the view that root
elongation was better than seed germination as a parameter
for toxicity studied (Wong et al., 1981).
In general, the present study revealed that the contents
of organic C, CN ratio and water ext.ractab.le Nil, ethylene
oxide and heavy metals decreased, and the contents of total
N and total heavy metal increased as the process of refuse
compost stabilization progressed. The changes in the
properties of the compost material were accompanied by a
decrease in the phytotoxicity indicated by the germination
and root growth responses of B. chinensis.
Application of immature compost to soil usually leads
to the production of toxic substances which inhibit
germination and plant growth. It is thus important to
determine whether or not the compost have been sufficiently
matured and a ripeness index- is necessary in determining
the suitability of the composted materials for agricultural
uti1ization.
Although CN ratio of the compost generally declines
during the process of fermentation and maturation, the
estimat ion of the degree of maturity of compost by simply
determining the C ratio is unsatisfactory since municipal
refuse may be enriched by nitrogenous compound such as
Table 4.5 Correlation coefficient between the various parameters
of the refuse compost and seed germination or root growth



























Colour change of compost had been demonstrated to be a
useful criterion for determining compost maturity (Sugahara
et al., 1979). Significant negative relationship was noted
between cation exchange capacity and CN ratio of refuse
compost and it was recommended that the measurement of CEC
of refuse compost could be employed for evaluating compost
maturity (Harada and Inoko, 1980a and b). Pressel and
Bidlingmaier (-1981) showed that respiratory activity in a
sample of compost was indicative of the state of decomposition.
The use of a coulometer which measured the amount of oxygen
consumption induced by microbial respiration on an aqueous
suspension of the compost sample had also been reported
(Usui et al., 1983).
Making use of the fact the well ripened compost has an
abundance of nitrate and only traces of ammonia, a simple
qualitative analytical method which detected the presence of
ammonia or nitrate by colour reactions had been developed to
decide when compost materials have reached a mature stage
(Spohn, 1978).
Biological method using a germination index with cress
Lepidium sativum (obtained by multiplying germination and
root growth) had also been proven to be a sensitive tool in
assessing the maturity of composted materials (Zucconi et al.,
198la and b).
Evolution of phytotoxicity during composting appeared to
be associated with the initial stage of decomposition. The
maturation of refuse compost closely followed the change in
levels of volatile fatty acids such as acetic acid
(DeVleeschauwer et al., 1981). Their results also indicated
that a minimum period of 4 months would have to elapse before
the compost could be safely used in horticulture and agri¬
culture.
From the above results, it can be concluded that at Least
a period of 4 weeks of stabilization of the fresh refuse compost
is necessary, as indicated by the changes in CN ratio, contents
of ammonia and etliylene oxide, seed germination and root growth.
However, lengthen the storage period might ensure a better
quality and lower toxicity of the compost for use as a soil
amendment.
Significant correlation between CN ratio of the compost
and the root growth in compost extract suggests that the latter
can be used as a parameter for determining compost maturity.
Biological evaluation of compost maturity seems to be more
reliable than chemical analyses since it determines directly
the response of the plant to the compost. Germination and
root elongation test using sensitive and quick-respond plant
indicator can be employed.
CHAPTER 5
UTILIZATION OF REFUSE COMPOST FOR GRASS PRODUCTION
5.1 INTRODUCTION
Land application, which outweighs other strategies of
waste treatment due to its lower costs and nutrient recycling
benefits, has become a common practice for disposal and
utilization of waste resources such as manure, sludge and
compost. However, municipal wastes may not be recommended
for use on agricultural land because benefits from their
application on croplands have to be weighed against the
potential hazards associated with the waste-borne heavy
metals (Bassam and Thorman, 1979; Jorgensen, 1975; Singh
et al., 1975). For this reason, sludge and compost materials
have been used in the production of ornamental plants or
nonedible crops (Berry et al., 1980; Korcak et al., 1979;
Sanderson, 1980) as well as the reclamation of devastated
areas or eroded surfaces (Hortenstine and Rothwell, 1972;
Wong and Yip. 1978).
Adding organic wastes such as sewage sludge usually
results in better tilth including increased aggregate
stability, porosity,infiltration and water holding capacity
as well as decreased bulk density and thermal conductivity
of the waste-treated soils (Epstein, 1975; Gupta et al., 1977
Kelling et al., 1977; Kladivko and Nelson, 1979a and b;
Pagliai et al., 198l; Younos and Smolen, 1981). Because
of such physical improvements, municipal wastes have been
utilized for restoration of disturbed sites (Hornick, 1982;
Murray ei_ aj_., 1981; Wong, 1979; Wong and Lai, 1982).
Town refuse compost has also been used for the
stabilization of wind erodible surface by hydroseeding method
in the Netherlands. The compost was mixed with water (l:2
ww) and sprouted on the soil. By adding 30 tons compost
per hectare, a sufficiently protective mulch was obtained
(Hoogerkamp and Verhoek, 1976).
Although organic waste is an effective conditioner for
poor-textured soil, the most promising way is through the
action of plant. Vegetation is an integral part of a land
treatment system. In addition to removing nutrients, plants
provide other benefits to the site, such as the reduction of
soil erosion and the maintenance of soil permeability.
The roles of vegetation cover in improving soil structure
and reducing erosion are well-known. In general, the plants
of the grass family show the most extensive development in
the surface soil and exert the greatest effect in the
formation of stable aggregate and water entry into soil
(Mazurak et al., I960; Mazurak and Ramig, 1962 and 1963;
Olmstead, 1947)- Thus, to grow grass in waste-amended soils
appears to be the best measure for erosion control and
revegetation of marginal land and mine-spoils.
Different types of organic waste have been used for
the biomass production of a variety of grass species: liquid
and solid manure for bermudagrass (Lund and Doss, 198O),
municipal and swine sludge for fescuegrass (King, 1981),
sewage sludge for ryegrass (Bolton, 1975), chemically
treated digested sludge for bromegrass (Soon et al., 1978),
mixture of sludge and fly ash for sudangrass (Adriano et al.,
1982) and industrial fermentation residues for turfgrass
(Wright et_ al_., 1982). Though positive results were generally
obtained, yield benefits may be overshadowed by potential
problems such as the leaching of nitrogen and phosphorus
into ground water (Burton and Hook, 1979; Latterell et al.,
1982; Lund et al., 1976; Lund et al.,1981) physical
contamination of the foliage, especially by spray-applied
liquid wastes (Jones et al., 1979); the contamination of
soil, water and herbage by pathogenic organisms associated
with the wastes (Bell and Bole, 1976; Tate and Terry, 1980;
Tierney et al.,1977) and the uptake of heavy metals by plants
grown on the waste-treated soils.
The objectives of the present experiment were: (i) to
study the effect of refuse compost on the yield of bermudagrass,
(ii) to examine the residual effects on grass production after
clipping and (iii) to investigate the degree of accumulation
of metals in the grass tissue.
5.2 MATERIALS AND METHODS
A.Grass cultivation
The soil (red-yellow podzol) used in the experiment
was collected from the university campus. Refuse compost
(12-month old), after passing through 1.2 cm sieve to
remove coarse particle, was mixed with the soil at rates
of 0, 10, 25, 50 and 75 tonnes per hectare (0, 58, l46,
292 and 438 grams per pot) on an air-dry weight basis for
the cultivation of bermudagrass (Cynodon dactylon L.) in
a greenhouse. Plastic rectangular pots (28x20x6 cm) were
used. 0.5 gm of seeds (about 1,250 seeds) were sown to
each pot. There were three replicates for each treatment.
The pots were watered daily with tap water throughout the
experimental period of 120 days.
The aerial parts of the grass were cut and collected
after 60 and 120 days. At each harvest, the grass was
clipped at 2 cm above the soil level. The root was
harvested at the end of the experiment( 120th day).
B. Soil analysis
Before sowing the seeds, soil samples were taken from
each pot for analysis. The soil was air-dried before
passing through a 2 mm sieve and was analyzed for pll
(pll meter, 1:5), 1 conductivity (conductivity meter, 1:5),
air-dry moisture (oven, 105 C to a constant weight),
organic carbon (Walkley and Black, 1934), total nitrogen
(conc. H2SO4, digestion, NH3 electrode, Gilbert and Clay,
1973), extractable phosphorus (2.5% acetic acid extraction,
Molybdenum Blue Method, Watanabe and Olsen, 1962),
extractable potassium and sodium (1M neutral ammonium
acetate ectraction, flame photometry) and metal contents:
cadmium, copper, manganese, lead and zinc (atomic
absorption spectrophotometry, mixed acid and 1M neutral
ammonium acetate were used respectively for total and
extractable metal content determination).
C. Postharvest analysis
The harvested materials were washed with deionized
water and dried at 105°C for 48 hours for dry weight
determination. The total heavy metal contents of the
various parts of the grass were determined by atomic
absorption spectrophotometry after mixed acid digestion
(Allen et al.,1974).
D. Seed germination study
Seed germination for each compost application rate
was determined by sowing 100 seeds in each petri dish
containing the soil-compost mixture in a laboratory.
Each treatment was duplicated and the dishes were placed
in a growth chamber with a light-dark cycle (l6-8 hours)
and light intensity of 2,500 lux. The compost-amended
soils were moistened with 20 ml and 10 ml of distilled
water prior to seeding and at the 10th day, respectively.
The emergence of seedling was evaluated at Day 2, 3, 4, 5,
8, 13 and l8.
5.3 RESULTS AND DISCUSSION
A. Properties of refuse compost and the compost-amended soils
The properties of the materials used are shown in
Table 5-1- The chemical nature of refuse compost has
been discussed (Chapter 2). The soil used was a loamy
sand which consisted of 86% sand particles. The sandy
soil was slightly alkaline (pH 7.4) and was poor in
organic matter and plant nutrients. Since it was low
in fertility and poor-textured, it was used as the control
material in the pot trial.
In general, the sandy soil was low in heavy metal
(Table 5-2). However, the lead content was slightly
higher than that of normal mineral soils (2- 20 ug/g)
Allen et a1., 1974).
The effects of refuse compost application on the
edaphic properties are listed in Table 5-3- The content
of air-drv moisture, organic carbon, total nitrogen, total
cation exchange capacity and extractable phosphorus,
potassium and sodium all increased with increasing amount
of refuse compost added.
The heavy metal contents, both total and extractable
of the compost-treated soils were elevated by compost
application (Table 5-4). The increase was smallest in
in the case of total lead as well as extractable lead
and cadmium content.
B. Emergence of bermudagrass on compost-amended soils
Increased seed germination of bermudagrass was
observed in soil-compost mixtures at all rates of
application tested with reference to the control (sand
Table 5«1 Properties of soil and refuse compost used in the experiment























Organic carbor 0.20 7 0.02
0.30 7 0.10
28.38 7 2.64
1.67 7 o.4iTotal nitroqer
C A 0.67 16.99
Phosnhorus Total
Extractable (pgg)




























Table 5-2 Heavy metal content (pgg) of the soil and refuse compost












































Table 5-3 The edaphic properties of the soils treated with refuse compost for growing bermudagrass
(Mean of triplicates)





































R00, 10,— 0 and- Sandy soil with refuse compost 0, 10, 251 bO and 7b tonnesha
Table 5.4 Heavy metal content (pgg) in the soil treated with refuse compost for growing bermudagrass
(Mean of triplicates)


































































RCO, JO, 2g,) 0 and a— Sandy soil with refuse compost 0, 10, 25 1 50 and 75 tonnesha
soil alone) (Fig. 5»l)» Although the number of seed
germinated was relatively low (less than 30%). Significant
difference (p0.l) was obtained in RCyO treatment.
Enhanced germination might probably be related to the
increased organic matter of the compost-treated soils.
Organic matter can increase the water holding capacity
of the soil and prevent dessication which is detrimental
to seedling emergence (Hornick, 1982). On the other hand,
poor germination (p 0.l) was obtained in 100% refuse
compost, with a time lag in emergence of two days when
compared with the control and compost-amended soils. The
results were in agreement with Hortenstine and Rothwell
(1968) who found that oat seeds in soil containing the
highest rate of compost (512 tonnesha) were from 3 1° 5
days later than other seeds in germination. Hunt et al.
(1973) suggested that the organic fraction of composted
municipal refuse primarily effected a reduction in
germination. Organic matter, when incorporated to soil,
will lead to reduced oxygen tensions by intense microbial
activity which favour the release of volatile inhibitors
such as ammonia and ethylene (Wollan et al.. 1978).
Germination injury and poor emergence were also observed
in dairy manure-treated soil and the high salt content and
volatile compounds have been suggested as the contributing
factor (Adriano et al., 1973)» Thus, too high an application
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Fiq. 5.1 Seed germination of bermudagrass oil sandy soil treated with refuse compost.
KCO, 10, -O i 1)0 and— Sandy soil with refuse compost 0, 10, 25, 50 and
75 tonnesha
RCA= Refuse compost alone
materials and toxic metals will inevitably result in a
suppression of seed germination.
C. Productivity of bermudagrass in compost-amended soils
The appearance of the grass grown on compost-amended
soil prior to the two harvests are shown in Fig. 5.2.
All the treatments gave significantly higher
productivities (p 0.01) than those grown in sandy soil
alone (Fig. 5-3)• In general, forage yields (1st and 2nd
harvests) and root yields increased with the amounts of
refuse compost added, although similar dry matter-
productions were noted for the aerial parts of the first
harvest in the RCyO and RC75 treatments and for the root
parts of RC25, RCgO and RC-75 treatments.
The increase in bermudagrass yields with compost
addition might be the combined effect of increased
germination and growth promotion due to refuse compost.
However, constrasting results were obtained by Sabey and
Hart (1975) who found that sludge had detrimental effects
on germination, rather than on plant growth, which affected
sorghum sudangrass yields. Moreover, it was suggested that
the chief response of fescuegrass to municipal waste compos
was as a liming material, with some additional effects as
a nutrient source and probably in improving the physical
properties of the soil material (Terman et al.,1973)-
The response of grass to various types of municipal
waste has been studied. Similar improved vields of
Fig. 5.2 Bermudagrass grown on compost-amended soils
of different application rates
a) at the 60th day (1st Harvest), and
b) at the 120th day (2nd Harvest).














| 1st harvest. aerial portioi
J 2nd harvest, aerial portioi
j root portion
RCO RC10 RC25 RC50 RC75
Fig. 5.3 Yield of bermudagrass grown on sandy soil treated with
various concentrations of refuse compost. Vertical bar
indicates standard deviation (only upper half is shown).
RCO, 10, 25- 50 and 75= Sandy soil with refuse compost
0, 10, 2p, 50 and 75 tonnesha
bermudagrass were obtained by the addition of dairy manure
(Lund and Doss, J980), sewage sludge (King and Morris, :1972a;
Touchton et al., 1976) and compost of garbage and sludge
(Mays eY_ al., 1973). Appl ications of sewage sludge were
also reported to be effective in increasing the yields of
bromegrass Promus inerrnis (Soon et al., 1978); fescue
Festuca arundinacea (Bosw e11, 197 0; Kjug, J 9 8 I); r y egra ss
Lolium perenne (Bolton, 1975; Hileinan, 1982), sudangrass
Sorghum vulgare (Adriano et al.,1982) and Agropyron smith!i
and Buchole dactyloides (Wong and Yip, 1978).
When the yields of the aerial forage of the two cuttings
were compared, it was found that yield of the 2nd harvest
of RCO was significantly lower (p 0.l) than that of the
1st harvest, while there was a significant increase in
yield (p 0.05) in the 2nd harvest of RC75« The reduction
in yield of the 2nd cutting in RCO treatment might be due
to the exhaustion of the limited nutrients in the sandy
soil after the 1st harvest. The greatly increased yield
of the 2nd cutting in RC75 treatment was probably the
result of the release of inorganic nitrogen upon
mineralization for plant uptake. Decomposition was
linearly related to the amount of compost applied (Tester
et a 1., 1977) and nitrogen immobilization should not occur
since the CN ratio was less than 20( 6 at the different
rates of compost application) (Both and lurk, 1972).
The yield of root showed only a small increase at
higher volume of the culture pot which limited the growth
of the root portion.
D. Heavy metal accumulation in grass tissues
Table 5-5 and 5-6 list the contents of heavy metals
(Cd, Cu, Mn, Pb and Zn) in the aerial part (2 cuttings)
and the root of bermudagrass grown on compost-treated
soils. With the exception of Pb (both aerial and root
parts), Mn (root portion only) and Cd (root portion only),
metal contents of bermudagrass were increased by compost
applications. In general, the contents of Zn (both parts)
and Cu (aerial part only) increased with the rates of
applicat ion.
The heavy metal contents in plant tissue of the
compost treatments were compared using t-test with those
grown on sandy soil (RCO).
Cd content of aerial part increased with compost
application rates. However, uptake of Cd was only
significant (p 0.05) at high application rates. No
significant difference was observed for the aerial tissue
of the 2nd cutting. Cd contents in roots were not affected
by compost application, but were in all cases higher than
that of aerial parts. It has been noted that increased
Cd addition to the soil elevated the Cd content in corn
regardless of the form of Cd added. Nevertheless, it was
indicated that inorganic Cd was more readily taken up than
Cd added to sludge9 which reflected a decreased availability
Fable 5.5 Heavy metal content (pgg) in aerials parts (1st and 2nd harvests) of
bermudagrass grown in compost-amended soils
1st Harvest































































RCO, 10, 25, 50 and 75= Sandy soil with refuse compost 0, JO, 25, 50 and 75 tonnesha
: significantly different (p O.l) from the control (RCO)
: significantly different (p 0.0) from the control (RCO)
: significantly different (p 0.01) from the control (RCO)
Table 5-6 Heavy metal content (jjgg) in roots of bermudagrass grown in compost-
amended soils































RCO, 10, 25, 50 and 75- Sandy soil with refuse compost 0, 10,25, 50 and 75 tonnesha
significantly different (p 0.1) from the control (RCO)
significantly different (p 0.05) from the control (RCO)
significantly different (p 0.01) from the control (RCO)
of organically sorbed Cd (Street et al., 1977)• Cd content
of fescue was also significantly increased by the addition
of sludge which contained a high level Cd (Boswell, 1975).
Contrary, Stucky and Newman ('1977) found that increasing
rates of sludge decreased the amount of Cd accumulated
in fescue in acid mine spoils. The different results
obtained might be due to various Cd level in the wastes
and the pH of the media
It was- reported that yield decrement of 25% was
associated with soil concentrations of 15, 95 and l4g
,ugCdg and tissue concentration of 9, 37 and k'} pgCdg
for sudangrass, fescue and bermudagrass, respectively
(Bingham et al.,1976). The Cd content of bermudagrass
obtained in the present study was well below the value
of ECr_ reported by Bingham et al«(l976) and thus no
yield depression was observed.
Forage Cu was found in significantly higher
concentration in all treatments in the 1st harvest (p 0.05
and in high application rates in the 2nd harvest (p O. 'l)
as compared with the control. Significant difference
(p O.l) of Cu content was noted in the low application
rates in the root portion.
Similar findings were obtained by Cunningham et al.
(1975). However, it was demonstrated that sludge-applied
Cu was not accumulated in barley (Dowdy and Larson, 1975a)
fescue (King, 1981), and fescue and alfalfa (Stucky and
Newman, 1977). Although Cu could accumulate to high
concentrations in the roots, it was much less readily
transported to the tops of the plant (Mitchell _et_ al.,
1978; Webber, 1972).
Similar or significantly lower (p O.l) amount of Pb
was found in all treatments as compared with that of control.
Low7 sensitivity of tissue Pb content to soil Pb addition
had been reported (Lagerwerff and Specht, 1970; Marten
and Hammond, 1966). No adverse effects on growth of grain
and yields of corn were found even the soil contained a
substantial amount of Pb (3,200 kgPbha) (Baumhardt and
Welch, 1972). It was suggested that soil had a relatively
large capacity for the immobilization of ionic Pb and the
precipitation of Pb was primarily through the fixation by
organic matter (Zimdahl and Skogerboe, 1977). Pb
availability was also related to soil pH, and liming was
found to be effective in reducing Pb uptake by oats and
lettuce (John and Van Laerhoven, 1972) and by tops of oat,
wheat and corn (Cox and Rains, 1972). Thus, the high pH
and organic carbon content of the compost-amended soils
found in the present study might together contribute to
the low uptake of Pb by bermudagrass.
Significantly higher amounts of Mn (p O.l) were
found in high rates of compost application in the aerial
parts, but only in RC25 treatment in root portion (p 0.0l).
This was probably due to the relatively high Mn content
present in the sandy soil and the non acid pH of the compost-
treated soils. Decreased amount of Mn in tops of fescue and
alfalfa was noted and the effects of organic matter and
cation exchange capacity of soil were suggested (Stucky
and Newman, 1977)• Increased uptake of Mn by rye as a
result of elevated levels of exchangeable and soluble Mn
was largely associated with low pH caused by sludge
application (King and Morris, 1972b).
Significantly higher amounts of Zn were found in KC2S,
RCpO and RC75 of the first forage cutting (p O.Ol), in RCSO
and RC75 of the second forage cutting (p 0.05) and in RC10,
RC25 and RC75 of the root (p 0.05). Uptake of Zn was
greater in the 2nd cutting for each application rate.
Similar result was obtained by King and Morris (1972a) and
Touchton et al.(l976) in which Zn content of hermudagrass
increased with increasing sludge rate and number of
clipping, though in multiple application. Increased Zn
concentration in corn after compost application to soil
has been reported (Mays et al., 1973). Mortvedt and
Giordano (1975) also found that concentration of Zn in
the corn forage increased with application rate and the
Zn content of the wastes product. It has been noted that
zinc was readily absorbed and translocated within the plants
in zinc-contaminated sites (Webber, 1972). Potentially
toxic levels of Zn could accumulate in soil if compost
were applied at high rates over a period of year (Mays
et al., 1973)
With the exception of Pb, Mn (root) and Cd (root),
metal content of bermudagrass was increased by compost
applications. In general, the contents of Zn and Cu
(aerial part) increased with the rates of application.
Root portion contained a higher level of metal (Cd, Cu and
Zn) than the aerial part. When the amount of metals of
the two cuttings were compared, it was noted that the
contents of Cd, Mn and Zn were higher in the aerial portion
of the 2nd harvest. Street et al.(l98l) also found that
forage Cd and Zn concentrations increased with increasing
sludge rates every year. Thus continued cutting or
grazing might elevate the metal content to a level that
pose a threat to phytotoxicity and metal transfer through
the food chain.
Yellowing of the leaf was noticed in the 2nd cutting,
particularly in low treatment rates, but not in the 1st
one (Fig. 5•)• Nutrient deficiency rather than toxicity
was the probable cause.
Successful revegetation of eroded surface or derelict
areas depends upon rapid stabilization and establishment
of seeded species. Edgerton et al.(l975) found that
grasses exceeded legumes in both dry-matter production
and percent areal cover of strip-mine spoil treated with
sludge. However, it was reported that legumes outyielded
grasses when soil pH was near neutrality, although grasses
Fig- 5.4 Appearance of the grass of the two harvests
on soils treated with different concentratio
of refuse compost.
H- 1st harvest
M- On H harvest
RCO. 10, 25, 50 and 75= Sandy soil with refi
compost 0, 10, 25,
and 75 tonnesha
produced greater weights at low pH (Palazzo and Duell,
1974). Nonetheless, vegetative cover of grass provides
an effective method for land restoration (Day and Ludeke,
1973)- Land disposal of refuse compost improved soil
properties and growing grass on compost helps to stabilize
the waste-amended area. Another advantage of using grass
species on refuse compost in revegetation projects is
that they are less sensitive to heavy metals than other
crops, though they are accumulators of heavy metal. In
addition, metal-tolerant species had been evolved and
used for the reclamation of metalliferous wasteland
(Bradshaw, 1952; Smith and Bradshaw, 1970).
Bermudagrass is the main grass species used in
hydroseeding in Hong Kong (NTDI), 1982). The result of
good growth and yield of bermudagrass on compost-treated
soil suggests that refuse compost can be used to substitute
mulching material and soil binding agent in hydroseeding.
Refuse compost was effective in improving soil
physical and chemical properties to allow higher
productivity of bermudagrass. The potential metal
accumulation was minimi zed by the inherent nature of refuse
compost: high pll and organic matter content. Decreased
uptake and toxicity of heavy metals such as Mn, Zn, Ni
and Cd in graminaeceous plants could be brought about by
pH manipulation (Bolton, 1975; Dijkshoorn et al., 198l;
Pinkerton and Simpson, 1977)- In addition, metal can be
immobilized by organic fixation. Refuse compost is
essentially an effective liming material and organic
fertilizer, and its utilization in grass cultivation may
result in low tissue metal content even though grass
species are metal accumulators.
CHAPTER 6
APPLICATION OF REFUSE COMPOST AND SEWAGE SLUDGE
FOR GROWING VEGETABLE CROPS
6.1 INTRODUCTION
It has long been recognized that application of animal
or green manure can aid in renewing organic material,
maintaining soil structure and raising fertility. In economic
terms, the utilization of organic wastes for crop production
appears to be superior to the use of the rather expensive
commercial fertilizer. In addition, land application may
ease the problem of waste disposal and contribute to the
conservation of natural resources.
The effectiveness of various composts and manures
depended largely on their content of plant nutrients (Bunting,
1963). Hortenstine and Rothwell( 19 6 8) mentioned that the
manurial effect of garbage compost was similar to inorganic
fertilizer, and compost applied at high rates supported a
better crop yield than sludge and manure. Higher yields of
sorghum Sorghum bicolor was obtained by applying a higher
rate of pel letized garbage compost (64 tonnesha) as compared
with NPK fertilizer (2 tonnesha) (Hortenstine and Rothwell,
1973). Forage yields of corn were increased by compost
application in a 2 year study, though higher yields of beans
vines (but not pods) were obtained only in the first year
(Giordano et_ a_3_., 1975). Higher growth of slash pine Linus
elliotti was significantly increased but only by disk
application of garbage compost (Bengtson and Cornette, 1973).
Despite the positive yield effect of refuse compost
reported, the majority of studies demonstrated that the
nutrient content of composts from refuse was quite low.
Tietjen (1964) reviewed that higher productivities of compost-
applied soils were mainly due to the beneficial effects of
compost on the physical structure of the soil. Increased
water holding 'capacity and cation exchange capacity by compost
application had been reported (Hortenstine and Rothwell, 1968).
It was shown that addition of highly carbonaceous compost,
without supplementary nitrogen, induced N-deficiency in corn
grown on a N-deficient soil (Terman et_ al., 1973) it was
suggested that municipal compost application to soil should
be completed by quick-acting fertilizers since it was
generally low in NPK content (Tietjen, 1979)-
Refuse compost usually contains undesirable content of
heavy metals which may be taken up by crops in sufficiently
high amount to have deleterious effects on animals and humans,
even though no phytotoxic symptoms or adverse effect on yields
are observed. Metal uptake from waste-amended soils is under
the influence of a variety of edaphic factors such as soil pH,
organic matter content and cation exchange capacity. Moreover,
analyses of plant tissue revealed that there is a strong
dependence of metal accumulation on the type of tissue of the
plant. Most plants confine much of the toxic elements to
their roots and the fractions transported to aerial parts
are usually concentrated in vegetative tissue. When edible
portion was concerned, leafy vegetables and root crops were
the greatest metal accumulators, while fruit, seed and grain
accumulated to a much lesser extent (Dowdy and Larson, 1975b;
Mclntyre et al., 1977)•
The objective of the present experiment was to study
the feasibility of utilizing refuse compost for the production
of different kinds of edible crop including Chinese white
cabbage, carrot and tomato. Sewage sludge was also used for
comparison. The contents of heavy metals in various portions
of the three crops were analysed in order to verify if they
were accumulated. This is important if the edible parts
contained a level that would impose health hazards.
6.2 MATERIALS AND METHODS
Refuse compost and activated sludge were collected from
the Chai Wan refuse composting plant and the sewage treatment
plant of The Chinese University of Hong Kong, respectively.
Activated sludge was air-dried for one week and ground by a
hand-driven grinder. The same sandy soil (red-yellow podzol)
for grass cultivation (Chapter 5) was used. It had a pH of
7.4 and contained 0.20% organic C. A commercial fertilizer
(Nitrophoska Permanent) with N( 15%), P (PL), K( 15%), Mg (2%),
Mn (0.1%) and Zn (0.02%) (according to the manufacturer's
formulation) was used for comparison.
The properties of the sandy soil, refuse compost and
activated sludge were determined after being air-dried for
about two weeks. Samples were analyzed for pH and conductivity
(pH and conductivity meter respectively, using 1:5 sample
distilled water suspension), air-dry moisture (oven, 105°C to
a constant weight), texture (Hydrometer Method), ash content
(furnace, 500 C for 3 b.), organic carbon (Walkley and Black,
193b), total nitrogen (Orion NH electrode after H SO, digestion,
Gilbert and Clay, 1973) 1 total and extractable pliosphorus
(HSO, digestion and 2.5% acetic acid extraction respectively
before using Molybdenum Blue Method, Watanabe and Olsen, 1962),
total and extractable K, Ca, Mg, Na, Cd, Co, Cr, Cu, Mn, Ni,
Pb and Zn (mixed acid digestion and 1 M neutral ammonium
acetate extraction respectively before determination by an
atomic absorption spectrophotometer (Allen et al., :197b).
Refuse compost (12-month old) and activated sludge
(6-week old), after passing through 1.2 cm sieve to remove
coarse particles, were mixed with the sandy soil at the rates
0, 25, 50, 75i 100, 125 and lpO tonnesha and 0, 15, 30, 50,
100 and 150 tonnesha respectively for the cultivation of
3 different types of food crops: Brassica chinensis L.
(Chinese white cabbage), Daucus carota L. var, sativa DC.
(carrot) and Lycopersi con esculenturn Mill, (tomato) in a
greenhouse. Fertilizer (Nitrophoska Permanent) at the rate
of 2 tonnesha was also applied (surface application) for
comparison. For L. escu1 enturn. another dosage (l tonnesha)
of fertilizer was applied to fertilizer treatment pots at the
120th day to maintain fertility.
The soils amended with compost, sludge or fertilizer
were analyzed for the following items prior to crop cultivation:
pH, conductivity, organic C, extractable K, total and
extractab 1e heavy metals (Cd, Cu, Mn, Pb and Zn), using the
methods described above.
After the crops were germinated in seed beds of sand,
the seedlings were transferred to plastic pots (diameter,
l4 cm; volume,' 1.3 l) after the emergence of the first
foliage leaf. Two seedlings were planted in each pot for
B. chinensis and D. carota and one for L. esculentum. There
were five replicates in each treatment. The crops were
irrigated daily with tap water.
B. chinensis was harvested after 40 days, D. carota after
lpO days and L. esculentum after 190 days. The fruit of
L. esculentum was picked when it turned red. The harvested
tissues were washed with deionized water and were oven-dried
(105°C for 48 h.) for dry weight determination. The metal
contents of the various parts of the 3 crops were analyzed
by using an atomic absorption spectrophotometer after the
materials were digested by mixed acid (same proportion of
the mixed acid were used) (Allen et. al. ,19?4).
6.3 RESULTS AND DISCUSSION
Table 6.1 lists the properties of the materials studied.
The characteristics of the sandy soil and refuse compost have
fable 6.1 Properties of the sandy soil, refuse compost, activated sludge and fertilizer
used in the experiment (Mean of 5 samples).















































4.031 1.05x10' 0.551 0.11 0.83I 0.07 9
(ugg) 3-861 1.32 466.221 18.4l 147 -l41 13-71
K Total
Ext ractab1e
0.141 0.02 0.4 01 0.04 0.281 0.01 15
(pgg) 43.221 6.46 3054.001315.84 362.50I 14.4 3
Ca Total
Ext ract ;ib] e
0.081 0.0 J 2.231 0.34 0. 161 0.01 n t
(ugg) 282. 15 138. 37 3522.81 1479- 58 3289 .69 1337 .07
Mg Total
Extractab 1 e
0.021 0.00 0.63I 0.06 0.461 0.03 9
(ugg) I58.50l20.l8 2160.631216.92 2599.011329.89
NaTota1
Ext ractab1e
0.011 0.00 0.82I 0.13 0.341 0.04
(pgg) 58.901 4.41 2927.25724 5.37 2048.44 7222.o1
data from Wong et al., 1983
according to fertilizer formulation
nt: not tested
been discussed in previous chapters. When refuse compost and
activated sludge were compared, the former was more alkaline,
higher in soluble salt content, organic carbon, CN ratio,
total and extractable K, Ca, Na and total Mg. Activated
sludge contained a higher content of sand since it was
dewatered in sand bed. The content of total N and P, and
extractable Mg were also higher in activated sludge.
Fertilizer was not, tested and the results presented
referred to that found by Wong et al. (1983d). It possessed
the highest moisture content which was mainly due to its
hygroscopic nature. The fertilizer also contained the
highest amount of nitrogen, phosphorus, potassium and
maqnesium according to the manufacturer's analysis.
The heavy metal contents of sandy soil, refuse compost,
activated sludge and fertilizer are shown in Table 6.2. In
general, refuse compost and activated sludge contained a
higher metal content than sandy soil and fertilizer. Zn
and Cd contents were the highest in sludge while refuse
compost had the highest contents of total and extractable Pb,
and extractable Cr, Cu. Mn and Ni.
The fertilizer contained the highest amount of total Mn
and considerably high amount of total Zn which were in
accordance with the manufacturer s formulation. Relatively
high level of Cd was also noted. Thus the application of
fertilizers might contribute to the input of heavy metal to
soil iWonq and Lau, 1983).
Table 6.2 Heavy metal content (pgg) of the sandy soil, refuse compost, activated
sludge and fertilizer used in the experiment (Mean of 5 samples)
Soi 1 Refuse compost Activated sludge Fertilizer
Cd (T) 3-28+ 0.35 14.25+ 3-59 18.77+ 1.43 10.95 1 1.60
(E) 0.51 1 0.09 143 1 O.18 2.311 0.13 nt
Cr (T) nt 228.59 1 60.09 215.60+ 36.98 nt
(E) nt 6.15 1 0.52 2.88+ 0.14 n t
Co (T) 11.94; 1.40 35.59; 3-59 34.75; 3.97 nt
(E) 0.60+ 0.14 2.65 1 0.29 2.19 1 0.13 nt
Cu (T) 12.261 2.44 511.061 78.73 472.72 1 30.50 7-55 1 3.85
(E) 0.48+ 0.14 53.671 13.74 9.06+ 0.38 1.04+ 0.51:
Mn (T) 225.69 1 25.13 70 1.95 1 49.03 100.58 1 16.05 936.30 1 85.73
(E) 6.061 0.24 194.93 1 30.63 20.06-3 0.66 85.003 4.59
Ni (T) 23.993 2.26 135.063 16.03' 1 15.59 3 8.86





98.03 3 22.01 286.83 1 25.24 1 14.34 1 17.61 80.40 3 l8.r
3.253 1.12 13.171 O.38 1.601 0.13 20.503 4.78
Zn (T)
(E)
75.90 3 10.59 1460. 80 1 158.78 2526.17 3 212.46 174 .07 3 21 .63
6.823 0.4 3 221.84 3 21.89 371.94 3 3.60 3-63 3 0.75
T: total content
E: extractable content
: data from Wong et_ al., 1983d
nt: nor tested
The effect of wastes addition on edaphic properties
and heavy metal content are presented in Table 6.3, 6.4 and
6.5,
Addition of refuse compost resulted in an increase in
soil pH while the pH was lowered in sewage sludge-treated
soils. Both compost and sludge raised the conductivity,
organic carbon and extractable K content of the treated
soils and the increase was greater in compost treatments
than that of sludge. Fertilizer also increased the
conductivity and extractable K content of the soil but
showed no change in pH and organic carbon content of the
fertilizer-treated soils. All the changes were in agreement
with the properties of the individual material examined.
With the exception of Mn and Pb in sludge-added soils,
all the treatments showed elevated levels of total heavy
metals (Table 6.4). The contents of Cu, Mn and Pb were
comparatively higher in compost-amended soils than sludge-
amended soils, while the levels of Cd, Zn were similar in
the soils applied with compost or sludge. The Mn content
was lowered by sludge-addition and the amount of Mn of
activated sludge treatments was even lower than that of
fertilizer treatment. This was related to the lower Mn
content of sludge than that of sandy soil, which was in turn
lower than that of fertilizer. The similar Pb content in
different rates of sludge application could be explained by
the amount of Pb present in sandy soil and activated sludge.
Table 6.3 Properties of soil amended with fertilizer or different
concentration of wastes prior to crop cultivation
(Mean of 5 samples)
pH
Conductivity Organic C Extractable K
(uSxlO)(%) (pgg)
S 7.3810.21 0.6l 10.12 0.20 10.02 43.22 1 6.46







8. l4 1 0.05
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S= Sandy soil alone
F= Sandy soil with fertilizer 2 tonnesha
RC25, 50, 751 100, 125 and 150= Sandy soil with refuse compost 25,
50, 75, 100, 125 and 150 tonnesha
AS15, 30, 50, 100 and 150= Sandy soil with activated sludge 15, 30,
50, 100 and 150 tonnesha
Table 6.4 Total heavy metal content (jigg) in soil amended with fertilizer or
different concentration of wastes prior to crop cultivation
(Mean of 5 samples)
Cd Cu Mn Pb Zn
S 3.28 1 0.35 12.26 1 2.43 225.69 1 25.13 98.03 1 22.01 75.90 110.59
















120.67 1 27. 15
i48.13 1 27.70
215.10 1 24.00



































O o cr o 64 4- 00 f) o
2 10. 19 1 '36.63
175.84 1 13.34
119.12 1 12.32
1 14.92 1 29.10
IO8.6O 1 9.82
122.30 132.71






S= Sandy soil alone
F- Sandy soil with fertilizer 2 tonnesha
RC25, 50, 7~, 100, 125 and 150- Sandy soil with refuse compost 25, 50, 75, 100,
125 and 150 tonnesha
AS 15, 30, 50, 100 and 150- Sandy soil with activated sludge 15, 30, 50, 100 and
150 tonnes Oia
Table 6.5 Extractable heavy metal content (pgq) in soil amended with fertilizer
or different concentration of wastes prior to crop cultivation
(Mean of 5 samples)
Cd Cu Mn Pb En
S 0.511 0.09 0.48 1 0.14 6.06 7 0. 24 5.06+0.85 6.82+0.43






















56.38 1 7- 10
84.06 1 6.35





9. 31 1 0- 3 l


































18.137 1. 3 3
25.75 7 2. 36
51.007 5.48
77-00 7 7.19
s= Sandy soil alone
F- Sandy soil with fertilizer 2 tonnes ha
HC 25, 50, 75, 100, 125 and 150= Sandy soil with refuse compost 25, 0, 75, 100,
125 and 150 tonnes, lia
AS 15, 30, 50, 100 and 150= Sandy soil with activated sludge 15, 30, 50, 100 and
150 tonnes ha
Similar results were also noted in the extract able
contents of heavy metals (Table 6.5). The amounts of Cd, Cu,
Mn and Zn were a11 increased by waste applications. Higher
Pb content was found only in refuse compost treatments.
Fertilizer application also increased the metal content,
but only to a slight extent.
The crops were harvested when the food portions in
fertilizer-treated pots reached edible size (40 days for
B. chinensis,- IpO days for D. carota and 190 days for
L. esculentum). The dry matter productions of B, chinensis,
D. carota and L. esculentum are shown in Fig. 6.1, 6.2 and
6.3 respectively.
In general, crop productivities in the waste-amended
soils followed the descending order of chemical fertilizer
activated sludge refuse compost sandy soil. Higher yields
were obtained in the treatments with 50 tonnesha for
activated sludge and 125 tonnesha for refuse compost with
the exceptions of carrot in refuse compost (PC50) and tomato
in activated sludge (AS150).
Dry weight of B. chinensis increased significantly
(p 0.01) with the applications of fertilizer and sludge as
compared with the control (sandy soil alone) (Fig. 6.l).
Among the compost-amended soils. PC 125 treatment gave the
highest yield and yields of PC50, 75, 100 and 125 were higher
than that of the control, though the increase was not
significant (p O.l). RC150 resulted in significantly poorer
Fig. 6.1 Dry matter production of 13. chin en si s Cgpol) under different
t reatment s
S= Sandy soil alone
F= Sandy soil with fertilizer 2 tonnes ha
RC2g, 50, 75, 100. 125 and 150= Sandy soil with refuse compost
1 ';t)i (2 1 100, 125 and 150
tonnes ha
AS l;j, 30, gO, 100 and IgO= Sandy soil with activated sludge




























































Fig. 6.2 Dry matter production of D. carota (gpot) under different
treatments
S= Sandy soil alone
F= Sandy soil with fertilizer 2 tonnes h;
RC25, SO, 75, 100, .125 and 150= Sandy soil with refuse compos
25. 50, 75. 100, 125 and 150
t onnes -''ha
AS 15, 30, 50, 100 and 150- Sand soil with activated sludge
15. 30. 50, 100 and 150 tonneshi
Fig. 6.3 Dry matter production of L. cscuienturn (gpot.) under differenl
t reatments
S= Sandy soil alone
F= Sandy soil with fertilizer 2 tonnesha+ 1 tonneha
RC25, 50, 751 .100, 12p and lpO= Sandy soil with refuse compost
-51 50, 75, 100. 125 and 150
t onnes'ha
AS 15, 30, 50, 100 and 1 )0- Sandy soil with activated sludge
15, 30. 50, 100 and 150 tonnesha
yield (p 0.05) than the control. Plants grown on sandy
soil and lower rates of compost (RC25 and RC50) had purplish
stalks which might be the symptoms of N and P deficiencies.
Chlorosis was also noted in plants grown on sandy soil and
some chlorotic and necrotic patches were observed in leaves
in higher rates of sludge treatments (AS 100 and AS 150).
For Do carota, all treatments resulted in significant
increase (p 0.0J) in yield over the control (Fig. 6.2).
9
Higher yield of RC50 but not of higher application rates,
was probably re1 ated to 111 e sandy soi1 requirement of
I), carota. The higher yield in waste-treated soils than
fertilizer-treated soils was probably due to the release of
nutrients from the decomposition of organic wastes during
the growing period, while the nutrients in fertilizer were
exhausted by the plant or losted by leaching in the long
period of growth (150 days). Plants grown on the waste-
treated soils showed a higher yield in the edible portion
(root) than the top (leaf). However, similar yield was
obtained in fertilizer and .greater yield of top than root
was resulted in the sandy soil (control). Marginal necrosis
was also observed in plant grown fertilizer and high rate of
sludge treatments.
All treatments significantly increased the yield of
L. esculentum (p 0.0 1) (Fig. 6. 3 1• 1he total yield was the
highest in fertilizer treatment, following bv RC125 and
AS150. When the edible part was concerned, fertilizer gave
the highest productivities, followed by AS150, AS 100 and
RC125 (Table 6.6). However, in terms of fruit number, higher
rates of sludge application produced the highest number of
fruit while fruits were absent in sandy soil and RC25
treatments. High dry weight per fruit was obtained in RC'125
and RC150 (Fig. 6.4).
Soil additives could affect fruit productivity through
the number and the size of fruit produced. Flower number
and fruit-setting efficiency were reduced by low P or K
application and low nitrogen supply also adversely affected
the fruit yield (Besford, 1979; Besford and Maw, 1975)» Thus
the poor fruit yield in sandy soil, and soils receiving low
rates of compost of sludge was probably due to the low NPK
content in refuse compost and activated sludge.
Mild discoloration was observed in plants grown on
sandy soil cind in pots containing low application rates of
refuse compost. At harvest, chlorosis and necrosis were
noted in all plants probably due to the remobi1ization of
nutrient elements for fruit development.
The contents of Cd, Cu, Mn, Pb and Zn in the plant
tissues were determined after harvest. Plants grown on
sandy soil were ommitted from analysis because of their
stunted and abnormal growth. The contents of heavy metals
in plant tissues of the compost and sludge treatments were
compared (using t-test) with those of plants treated with
ferti1izer.
Table 6.6 Fruit productivity of L. esculenturn harvested from soil amended
with fertilizer or various concentration of wastes




s 0 0 0
F 8 19.42 2.43









































S= Sandy soil alone
F= Sandy soil with fertilizer 2 tonnesha
RC25, 50, 75, 100, 125 and 150= Sandy soil with refuse compost 25, 0,
751 100, 125 and 150 tonnesha
AS15, 30, 50, 100 and 150= Sandy soil with activated sludge 15, 30,
50, 100 and 150 tonnesha
Fig- 6.4 Fruits of L. esculentum (tomato) harvested
from compost-treated soils
The heavy metal contents in various parts of plants
harvested from soils amended with fertilizer, and various
concentrations of refuse compost or activated sludge are
shown in Table 6.7~ 6.l4.
For 13. ch.inens.is, there was no significantly greater
Cd content (p 0.l) in the aerial tissues of compost and
sludge treatments when compared with fertilizer treatment.
However, significantly higher amount of Cd (p O.O'l) was
found in root's in the highest appl i cat i on rate (l'C'150 and
AS150 treatments). In low rates of application, significantly
lower Cd uptake (p 0.0.5) were noted in both aerial and root
portions. The high Cd content in fertilizer-treated tissues
might be the result of high Cd level in the fertilizer used
( 10.95 -igg).
The aerial parts in all compost treatments and root in
RC751 105 and 150 possessed significantly higher amounts of
Cu (p O.Op). For sludge-treated pots, significantly
higher Cu contents (p 0. J) were found only in ASlOO and
150 in both aerial and root portions.
Either similar or significantly lower amount of Mn
(p 0.05) was found in all treatments as compared with that
in fertilizer treatment. This could be explained by the
fact that the fertilizer added contained the highest amount
of total Mn (0.1%).
Significantly higher amount of Pb (p CO.Og) was found
in aerial part in RC25 and 150, and ASlOO and IpO.
Table 6.7 Heavy metal content (uqq) of Brassica chinensis under different treatments
(Mean of 5 samples)
Aerial part (ugg)
Cd Cu Mn Pb Zn



































































F= Sandy soil with fertilizer 2 tonnesha
RC25, 50, 751 .100, 125 and 150= Sandy soil with refuse compost 25, 50, 75, 100, 125
and 150 tonnesha
AS15, 30, 50, 100 and 150= Sandy soil with activated sludge 15, 30, 50, 100 and 150
tonnesha
significant difference(p O.l) from F treatment
significant difference(p 0.05) from F treatment
significant difference(p 0.01) from F treatment
Table 6.8 Heavy metal content (pgg) of Brassica chinensis under different treatments
(Mean of 5 samples)
Root (ugg)
Cd Cu Mn Pb Zn



































































F= Sandy soil with fertilizer 2 tonnesha
RC25, 50, 75, 100, 125 and 150= Sandy soil with refuse compost 25, 50, 75, 100, 125
and ISO tonnesha
AS 15, 30, 50, 100 and ISO= Sandy soil with activated sludge 15, 30, 50, 100 and 150
tonnesha
significant difference(p O.l) from F treatmenl
significant difference(p 0.05) from F treatmenl
significant difference(p 0.0l) from F treatmenl
Table 6.9 Heavy metal content (jjgg) of Daucus carota under different treatments
(Mean of 5 samples)
Aerial part (ngg)
Cd Cu Mn Pb Zn



































































F- Sandy soil with fertilizer 2 tonnesha
RC25, 50, 75, 100, 125 and 150= Sandy soil with refuse compost 25, 50, 75, 100, 125
and 150 tonnesha
AS15, 30, 50, 100 and 150- Sandy soil with activated sludge 15, 30, 50, 100 and 150
t onnesha
significant difference (p O. l) from F treatment
significant difference (p 0.05) from F treatment
significant difference (p 0.0:1) from F treatment
Table 6.10 Heavy metal content (jjgg) of Daucus carota under different treatments
(Mean o f 5 samp1es)
Root (ugg)
Cd Cu Mn Pb Zn







































































4 20.6 4 7 14 1. 2 6
471.5771 12.49
F= Sandy soil with fertilizer 2 tonnesha
RC25 1 50, 751 100. 125 and 150- Sandy soil with refuse compost 25, 50, 75, 100,
125 and 150 tonnesha
AS15, 30, 50, 100 and 150- Sandy soil with activated sludge 15, 30, 0, 100 and
150 tonnes ha
significant difference(p 9). i 1 from 1 treatment
significant difference(P 0.0s from 1 treatment
: significant difference(p 0.0 1 1 J rom 1 treatment
Table 6.11 Heavy metal content (ugg) of Lycopersi con esculentum under different
treatments (Mean of 5 samples)
Leaf (ugg)
Cd Cu Mn Pb Zn



































































F- Sandy soil with fertilizer 2 tonnesha+ 1 tonneha
RC25, 50, 5, 100, 125 and 150- Sandy soil with refuse compost 25, 50, 75, 100,
125 and 150 tonnesha
AS'15, 30, 50. 100 and 150- Sandy soil with activated sludge 15, 30, 50, 100 and
150 tonnesha
significant difference(p( O.l) from F treatment
significant difference(p 0.05) from F treatment
significant difference(p 0.01) from F treatment
Table 6.12 Heavy metal content (ugg) of Lycopersicon esculenturn under different
treatments (Mean of 5 samples)
Stem (ugg)
Cd Cu Mn Pb Zn




















































38. 17 1 5.22=
48.081 2. 20:
106.97151. 13=












F= Sandy soil with fertilizer 2 tonnesha+ 1 tonneha
RC25, 50, 751 100, 125 and 150= Sandy soil with refuse compost 25, 50, 75, 100,
125 and 150 tonnesha
AS 15, 30, 50, 100 and 150= Sandy soil with activated sludge 15, 30, 50, 100 and
150 tonnesha
: significant difference (p 0.1) from F treatment
: significant difference (p 0.05) from F treatment
: significant difference (p O.Ol) from F treatment
Table 6.13 Heavy metal content (;ugcj) of Lycopersicon esculentum under different
treatments (Mean of 5 samples)
Root (ugg)
Cd Cu Mn Pb Zn



































































F= Sandy soil with fertilizer 2 tonnesha+ 1 tonneha
RC25, 50, 751 100, 125 and 150- Sandy soil with refuse compost 25, 50, 75, 100, 125
and 150 tonnesha
AS 15, 30, 50, 100 and 150- Sandy soil with activated sludge 15, 30, 50, 100 and 150
t onnes'ha
significant difference (p O.l) from I treatment
significant difference(p 0.05' from F treatment
significant difference (p 0.01) from F treatment
Table 6.l4 Heavy metal content (pgg) of Lycopersicon esculentum under different




r A Cu Mn Pb Zn


















































































No. of sample- no. of pot that produces fruit(s)
F= Sandy soil with fertilizer 2 tonnesha+ 1 tonneha
RC50, 751 100, 125 and 150= Sandy soil with refuse compost 50, 751 100, 125 and 15C
tonnesha
AS15, 30, 501 100 and 150= Sandy soil with activated sludge 15, 30, 50, 100 and 150
tonnesha
: significant difference(p O.l) from F treatment
: significant. difference(p 0.05) from F treatment
: significant difference(p O.O'l) from F treatment
Significantly lower amount of Pb (p 0.0,5) was noted in aerial
part in AS 15 and in roots of all treatments except RC150.
Zn content was significantly increased (p 0.05) in RC75 1
100, 125 and 150 in aerial tissue, and AS50, 100 and 150 in
both aerial and root tissues. However significantly lower
amount of Zn (p O.l) was found in RC25 and 50, and AS 15 in
aerial part as well as in all refuse compost treatments
except RC150, and AS 15 in root portions.
The results mentioned above was similar to the data
obtained by Wong et al. (1983d). However, their results
showed that there was no significant accumulation of Cu and
Pb in the aerial tissue to two leafy vegetables, B. para-
chinensis and B. juncea when compared with those in soil
treated with the same fertilizer Nitrophoska Permanent.
The different result obtained might be due to a difference
of crop speices since similar Cu and Pb contents were noted
in the two sets of refuse compost (Table 2.7 and 6.2),
For E). carota, significantly lower amount of Cd, Mn
and Zn (except RC125 for aerial tissue) (p 0.05) were found
in both aerial and root portions of the compost-treated
crops. Sludge application in all rates also resulted in
significantly lower amount of Mn (p 0.01) in both tops and
roots. Significantly higher Zn accumulation (p 0.01) was
found in all sludge treatments except ASly in tops and in
high rate sludge treatments in edible root tissues. Sludge
addition only increased Cd contents of tops significantly
(p 0.0l) at higher rates of application.
As for Cu, accumulation was significant (p 0.05) in
higher rates of compost treatments (RC125, AS 100 and 150 for
aerial tissue, and RC100 and 150 for root). The higher Cu
contents in compost-treated crops were in contrast with the
result obtained by Dowdy and Larson (1975b) that carrots and
radishes very effectively excluded Cu from their edible tissue.
When comparing the waste-treated crops and fertilizer-
treated crops., similar or significantly lower amount of Pb
(p 0.1) was observed in both the tops and the edible tissues.
The metal contents in edible carrot roots harvested from
waste-treated soils were higher than the levels observed by
Dowdy and Larson (1975b) in a field trial. However, the Cu
content from RC and AS treatments and Zn content from RC
treatments were close to the data reported by Schauer et al.
(1980) from which 10-13 pggCu and 33~78 pggZn were obtained
when a maximum of 60 tonnesha of sludge were applied.
The metal contents in leaf, stem, root and fruit of
L. esculentum are shown in Table 6.11- 6.l4. L. esculentum
tissues contained similar or significantly lower amount of Cd
(p 0.l) when grown on compost-amended soils. However,
significantly higher Cd (p O.l) was found in leaf tissue in
all sludge treatments and fruit in AS 15 treatment.
Either similar or significantly higher amount of Cu
(p 0.'l) was noted in both compost and sludge treatments.
Concentrat ions of Mn were significantly lower (p 0.05) ir
all the four tissues of tomato at all rates of RC and AS
treatments.
There was no significant difference in Pb content in
leaf from both treatments. Significantly lower amount of
Pb( p 0.01) was noted in root from waste-treated pots as
compared with those from fertilizer treatment. In stem,
AS30 resulted in significantly higher Pb content (p 0.01)
while RC50 and 75 resulted in significantly lower Pb
(p 0.05). Pb content in stem from other treatments showed
no significant difference as compared with those treated with
fertilizer. Fruits of RC75 and ISO as well as AS 15 and .100
possessed significantly higher Pb (p O.l) than those of
fertilizer treatment.
Significantly higher amount of Zn (p O.l) was found
in leaf in high rentes of application (RC 125 and ISO, and
AS 100 and 150). As to stem and root tissues significantly
lower Zn content (p 0.0,5) was obtained in compost treatments
while significantly higher Zn content (p 0.1) was observed
in sludge treatments. The level of Zn in fruit was elevated
by waste application and the increase was significant
(p 0.05) except for RC75 and 100 on comparison with the
fertilizer treatment.
Although significant increase of Cu was found in edible
fruiting tissue, the values fell within the range of 10 to
27 figg observed by Dear ei ad_. (198) for fruit of tomatoes
grown over a wide geographical region. The Mn and Zn contents
were also in line with that reported by Dowdy and Larson
(l975b) and Schauer et al. (1980). However, the present
result showed that more Cd and Pb were accumulated in the
Iruit than that obtained by Dowdy and Larson ('1975b)..
Cu contents in compost-treated crops were relatively
higher than that of fertilizer treatment, which might be
attributed to the high Cu concentration in the refuse composi
applied. Although it was mentioned that Cu was less readily
translocated to tops of plant (Mitchell et ah, 1978), highei
content was noted in the aerial part of B. chinensis and
notably D. carota. Nonetheless, the concentration was below
4-0 pgg for severe toxicity to be observed when inorganic
Cu salts was added for pathogen control (Walsh et al., 1972).
Higher amount of Mn was found in fertilizer treatment
that those of waste-treatment. This was related to the high
Mn content of the fertilizer used. Higher uptake of Mn in
sludge-amended soils than compost-treated pots was the resul
of low pH caused by sludge incorporation (King and Morris,
1972b)
Similar or lower amount of Pb was found in waste-t.reatec
crop. Low content in tissues from sludge treatments was
probably due to low Pb concentration in the sludge used.
Low Pb content from compost-treated crops was the results of
low Pb availability which was related to the high pH and
organic matter content of the compost-treated soil (Cox and
Rains. 1972: John and Van Laerhoven. 1972).
As in the case of Mn, high tissue Cd content on sludge
treatments was largely associated with the low pH and organic
content of the sludge-enriched soils, since Cd availability
was strongly influenced by soil pH and organic matter (Street
eF al« 5 1977)- Lagerwerff (l97l) found that increasing the
soil pH from 5® 9 to 7-2 decreased the uptake of Zn more than
that of Cd by radish, and lower ZnCd ratio were resulted.
However, this was not observed in the present experiment.
Moreover, it was noted that in many cases fertilizer-treated
crops contained a rather high concentration of heavy metals.
It was reported that superphosphate fertilizers might be a
potential source of Cd in plants (Schroeder and Balassa,
1963).
The distribution of heavy metals in different tissues
of B. chinensis and D. carota grown on compost or sludge-
amended soils are shown in Fig. 6.5-
With the exception of Zn in tissues harvested from
compost-treated soils, root tissue of 13. c h i n en s i s from both
RC and AS treatments appeared to accumulate more heavy metals
than the shoot portion. Root of Chinese white cabbage
accumulated 3-5 and 3• times more Cd, 2 and 4.2 times more
Cu, 1.6 and 1.3 times more Mn, 4.2 and 2.6 times more Pb and
0.5 and 2 times more Zn on the lyO tonnesha compost treatmen
and sludge treatment respectively than did the aerial tissues
Similar pattern had also been demonstrated by Cheung and Wong
(1983) that metal uptake was in the order of root stem leaf
Fig. 6.5 Accumulation of heavy metals in the various parts of B. chinensis
and D. carota cultivated in sandy soil treated with different
concentrations of refuse compost or activated sludge.
RC r or a: root or aerial tissue of refuse compost treatments
AS r or a: root or aerial tissue of activated sludge treatments
in B. parachinensis grown on soils treated with activated
and digested sludges as well as chicken and pig manures.
On the other hand, the accumulation of Mn and Zn in
D. caroa was found to be the reverse of the cases in
B. chincnsis, being higher in aerial part than in the root
portion. Particularly high ratio of leaf to root in terms
of metal content was observed in Mn in which the aerial
tissue contained 4 and 6 folds more metal than the edible
root from compost-treated soils and sludge-treated soils
respectively. Cd, Cu and Pb were accumulated in tops and
roots to a similar extent.
It was observed that fruit of tomato accumulated the
least heavy metal than leaf, stem and root. According to
the results of Duncan5s Multiple Range Test, it was found
that, in general, fruit accumulated the smallest amount of
heavy metal and the pattern of accumulation followed the
order of fruit stem leaf root (Table 6.15). Exception
was noticed in the case of Zn where the metal content was
higher in stem than in leaf in all the treatments analyzed.
Different edible portions of vegetable crop accumulate
metal to various extent. It is generally agreed that leafy
vegetables such as lettuce and spinach are accumulators of
heavy metal (Haghiri, 1973: John, 1973: Preer et al., 1980).
Lettuce grown on sludge-enriched soil (233 tonnesha) was
found to contain 7.6 ug/gCd and 231 ug/gZn which were
respectively 15 and 8 times greater than the control
Table 6.15 Results of Duncan's Multiple Range Test on the heavy
metal content of different tissues of L. esculenturn
harvested from sandy soils amended with different
concentrations of refuse compost and activated
sludge. Items underlined indicate no significant
difference at p 0.05
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RCgO, 100 and 150= Sandy soil amended with refuse compost 50, 100
and 150 tonnesha
AS50, 100 and 150= Sandy soil amended with activated sludge 50, 100
and 150 tonnesha
(Mclntyre et_ al., 1977).
Edible root and tuber tissues are nonaccumulators.
Radish and carrot roots were reported to assimilate less
Zn, Cu and Cd than their tops or other leafy vegetable
tissues (Dowdy and Larson, 1975b; Mclntyre et al., 1977i
Schauer et al., 1980). It was mentioned that less than
0.5% of the heavy metal applied was accumulated in potato
tubers (Baerug and Martinsen, 1977)'
Peas beans and tomato also appear to exclude heavy
metals. No significant enhancement in Cu and Zn level was
observed in pea pods treated with 100 tonnesha municipal
compost (Purves and Mackenzie, 1973)- Cd level in edible
tissue of snapbean Phaseolus vulgaris also did not respond
directly to sludge application and never exceeded 0.1 jjggCd
and 60 uggZn (Dowdv et al., 1978). Cd, Ni, Pb and Zn
contents in tomato fruit grown on soil with sludge dressingft
were lower than that in edible root tissues (Mclntyre et al.,
1977; Schauer et al., 1980).
The results of the present study agreed with that
obtained by other investigators. As edible tissue was
concerned, the levels of metal accumulation, in general,%
followed the order B. chin en si s 13. carota L. escul entum.
This finding suggested that tomato might be the desirable
crop for utilizing waste-amended soils.
The results of the present experiment, in addition,
demonstrated that, with the exception of Cu (leaf) and Pb
(root) in B. chinensis, and Cu (leaf, root and fruit) in
It escu 1 gnturn, crops grown on sludge-amended soils accumulated
higher level of heavy metals than those grown on compost-
amended soils, despite the higher amount of heavy metals
(except Cd and Zn) in refuse compost than in sewage sludge
(Table 6,2, 6,4 and 6.5). Thus, besides the amount of metal
present in the soil, other edaphic factors such as pH, organic
matter content and cation exchange capacity of the soil
influence the availability of heavy metals.
It is well known that soil pH has a pronounced effect
in controlling metal availability and there is a strong
negative correlation between them. Lagerwerff( 1971) observed
that metal contents (Cd, Pb and Zn) of radish decreased with
increased soil pH. Lower tissue Cd, Mn and Zn contents were
found in lettuce Lactuca sativa and beet Beta vulgaris grown
on limed than unlimed soils (John and Van Laerhoven, 1976)
and Cd content of wheat and rice grains was reduced at high
pH (Bingham et ah, 1979 and 1980; Linnman et al., 1973).
It was claimed that the effect of liming on Zn uptake by
sorghum was a pH effect rather than a calcium effect (Wear,
1956).
Soil organic matter also plays a role in reducing metal
uptake by plants. In soils with a high content of organic
matter, the toxicity of heavy metals was lowered due to
diminished uptake by plants (Marquenie-van der Werff et al.,
1981). A study by Strickland et a 1.( 1979) using soybean
seedlings grown on organic matter-sand mixture with various
concentrations of Cd demonstrated the importance of soil
organic content in reducing the growth impact of Cd. Some
metals such as Pb are strongly retained by organic material.
It was reported that organic amendments such as manure
appeared to be the primary Pb fixation agent and reduce Pb
uptake by plants (Zimdahl and Foster, 1976).
It was claimed that cation exchange capacity of soil
offered more promise as a means to reduce metal availability
than the organic matter content. Significant negative
correlation was found between tissue Cd content and soil
CEC (Hinesly et, 1982; Miller et al., 1976). It was
even stressed that the fixation property of organic matter
for Cd worked primarily through its cation exchange capacity
property (Haghiri, 1974)
In the present experiment, compost-amended soils had
much higher pll and organic carbon than sludge-amended soils
(Table 6.3)• In addition, refuse compost possessed a high
percentage of clay particles (Table 6.l). Therefore high
CEC in compost-amended soils were expected since CEC of soil
colloids was under the influence of pH, clay and organic
matter content, and correlations between CEC and clay and
soil organic content had been obtained (Drake and Motto,
1982; Helling et al., 1964). Thus high pH, organic carbon
and possibly CEC might account for the low metal uptake in
crops harvested from compost-amended soils.
A comparison of greenhouse trial and field experiment
on sludge utilization indicated that plant materials from
the greenhouse usually showed a higher metal content than
the field plants (De Vries and Tiller, 1978). Thus although
results of the present greenhouse trial generally revealed
considerable accumulation of heavy metals, lower metal uptake
might be the case in field experiment.
According to the present results, it can be concluded
that sludge is- superior to compost in terms of crop yield.
However, refuse compost seems to be a better soil amendment
due to the lower metal uptake in plants. Moreover, the
environmental impact of heavy metal may be minimized by
maintaining favourable edaphic conditions, such as higher
pll and organic matter content. Selection of the proper
crops such as tomato and carefully controlling the waste




The reuti I ization of bio-degradab1e solid wastes is
considered as an integral part of effective waste management
and at the same time allows the recovery of recyclable
resources (Lesley and Reed, 1972). Results of greenhouse
studies (Chapters 5 and 6) on grass and vegetable crops
production demonstrated that refuse compost could be
utilized for' horticultural or agricultural purposes.
Although the dry matter production was generally lower
than that of sludge, the improved yields over that of sandy
soil was evident. However, because of its low nutrient
contents, it can be suggested that application of refuse
compost to sandy soil resulted in a higher crop productivity
through improved physical structure.
For the successful utilization of refuse compost on
cropland, public acceptance is of primary concern. Applying
animal manures to cultivated soils is a common practice of
the local farmers. However, adding refuse compost to soil
is limited to horticulture only. A survey of the farmers'
attitudes towards sludge revealed that fertility was considered
to be of most significance for its utilization, while the soil
conditioner value was of secondary importance (Pederson and
Vallis, 19B2). Thus to upgrade the quality of refuse compost i
necessary for its application to agricultural land.
Source separation is one of the few feasible ways to
remove noncompostables from the waste prior to composting
operations. Source-separated garbage composts possess
minimum amount of nondegradable materials and heavy metals
which are beneficial for its agricultural utilization
(Chanyasak and Kubota, 1983). Refuse can also be composted
with sludge such that the N content of the composted material
will be elevated. Compost could also be enriched with regard
to its N content possibly by the inoculation of a N fixing
organism such as Azotobacter chroococcum into already
decomposed material (Kapoor et al., 1983)-
The manurial effect of refuse compost can also be
increased by the co-application with sewage sludge. The
high pli and organic matter content contributed by refuse
compost, together with the nutrient elements in sludge, inay
give a better promise to increase crop yield with low metal
accumulation.
The benefits from agricultural use of refuse compost as
soil amendment are sometimes masked by its high metal content.
In general, heavy metal uptake is higher in vegetative than in
reproductive tissues. Of the 4 plant species studied, aerial
parts of Brassica chinensis and Cynodon dactylon accumulated
a higher amount of metals whereas lowest contents were noted
in edible tissue of Lycopersicon esculentum when forage
tissues were considered. Pod, bean and cereal grains which
were claimed to be excellent nonaccumulators were also good
crops to grow on compost-treated soils.
Refuse compost had been found to be phytotoxic in terms
of seed germination and root growth. The toxic effects were
more pronounced in freshly produced compost due to the high
contents of phytotoxic substances such as ammonia, ethylene
oxide and heavy metals as well as the high C/N ratio.
Usually a storage period of at least 4 to 6 weeks by piling
is required to lower the phototoxicity. Therefore
incorporation of fresh compost to soil might lead to severe
inhibition on seed germination and plant growth.
Land application of mature refuse compost for wasteland
reclamation had been shown to be a viable alternative of
waste recycling. Waste-amended soil also allowed the
establishment of grass species which was essential to
revegetation projects.
Food chain studies should be carried out to investigate
»
the transfer of heavy metal through different trophic levels.
Through such kind of analyses, the edibility of food crops
from waste-treated soils can be determined.
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